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INFORMATION 
FOR 



MCI STUDENTS 

Welcome to the Marine Corps Institute training program. Your interest in 
self. improvement and increased professional competence is commendable. 

Information is provided below to assist you in completing the course. 
Please read this guidance before proceeding with your studies. 

1. MATERIALS 

Check your course materials. You should have a11 the materials listed in 
the "Course Introduction." In addition you should have an envelope to mail 
your review lesson back to MCI for grading unless your review lesson answer 
sheet is of the self-m&iling type* If your answer sheet is the pre-printed 
type, check to see that your name, rank, and social security number are 
correct. Check closely, your MCI records are kept on a computer and any 
discrepancy in the above information may cause your subsequent activity to go 
unrecorded. You may correct the information directly on the answer sheet. If 
you did not receive all your materials, notify your training NCO. If you are 
not attached to a Marine Corps unit, request them through the Hotline (autovon 
288-4175 or commercial 202-433-4175). 

2. LESSON SUBMISSION 

The self-graded exercises contained in your course are not to be returned 
to HCI. Only the completed review lesson answer sheet should be mailed to 
MCI. The answer sheet is to be completed and mailed only after you have 
finished all of the study units in the course booklet. Tne review lesson has 
been designed to prepare you for the final examination. 

It is important that you provide the required information at the bottom of 
your review lesson answer sheet 1f it dops not have your name and address 
printed on it. In courses in which the work is submitte'l on blank paper or 
printed forms, identify each sheet in the following manner: 

DOE, John J. Sgt 332-11-9999 
08. 4g, Forward Observation 
Review Lesson 

Military or office address 
(RUC number, if available) 

Submit your review lesson on the answer sheet and/or forms provided. 
Complete all blocks and follow the directions on the answer sheet foe 
mailing. Otherwise, your answer sheet may be delayed or lost. If you have to 
interrupt your studies for any reason and find that you cannot complete your 
course in one year, you may request a single six month extension by contacting 
your training NCO, at least one month prior to your course completion deadline 
date. If you are not attached to a Marine Corps unit you may rviake this 
request by letter. Your commanding officer is notified monthly of your statur, 
through the monthly Unit Activity Report. In the event of difficulty, contact 
your training NCO or MCI immediately. 



MAIL-TIME DELAY 



presented below are the mall-time delays that you may experience between 
the mailing of your review lesson and Its return to you. 



TURNAROUND MCI PROCESSING TOTAL NUMBER 

MAIL TIME TIME DAYS 

EAST COAST R 5 51 

WEST COAST 16 5 21 

FPO NEW YORK 18 5 23 

FPO SAN FRANCISCO 22 5 27 



You may also experience a short delay In receiving your final examination 
due to administrative screening required at MCI, 



4. GRADING SYSTEM 
LESSONS 



EXAMS 



GRADE 



PERCENT 



MEANING 



GRADE 



PERCENT 



A 


94-100 


EXCELLENT 


A 


94-lDO 


B 


86-93 


ABOVE AVERAGE 


B 


86-93 


C 


78-85 


AVERAGE 


C 


78-85 


D 


''0-77 


RELOW AVERAGE 


D 


65-77 


NL 


BELOW 70 


FAILING 


F 


BELOW 65 



You will receive a percentage grade for your review lesson and for the 
final examination. A review lesson which receives a score below 70 Is given a 
grade of NL (no lesson). It must be resubmitted and PASSED before you will 
receive an examination. The grade attained on the final Mm Is your course 
grade, unless you fall your first exam. Those who fall their first exam will 
be sent an alternate exam In which the highest grade possible Is 65X. Failure 
of the alternate will result In failure of the course. 



5. FINAL EXAMINATION 



ACTIVE DUTY PERSONNEL: When you pass your REVIEW LESSON, your examination 
win be mailed automatically to your commanding officer. The administration 
of MCI final examinations must be supervised by a commissioned or warrant 
officer or a staff NCO. 

OTHER PERSONNEL; Your examination may be administered and supf^r vised by 
your supervisor. 



6. COMPLETION CERTIFICATE 



The completion certificate will be mailed to your commandlrg officer and 
your official records will be updated automatically. For non Marine*^, yo'T 
completion certificate is mailed to your supervisor. 



2 



RIC 



6 



7. RESERVE RETIREMENT CREDITS 



Reserve retirement credits are awarded to Inactive duty personnel only. 
Credits awarded for each course ere listei In the "Course Introduction." 
Credits are only awarded upon successful completion of the course. Reserve 
retirement credits are not awarded for MCI study performed during drill 
periods If credits are also awarded for drill attendance. 



8. OISENROLLMENT 



Only your commanding officer can request your disenrollment from an MCI 
course. However, an automatic disenrollment occurs If the course Is not 
completed (Including the final exam) by the time you reach the CCD (course 
completion deadline) or the ACCO (adjusted course completion deadline) date. 
This action will adversely affect the unit's completion rate. 

9. ASSISTANCE 



Consult your training NCO If you have questions concerning course 
content. Should he/she be unable to assist you, MCI Is ready to help you 
whenever you need It. Please use the Student Course Content Assistance 
Request Form (ISD-l) attached to the end of ycur course booklet or call one of 
the AUTOVON telephone numbers listed below for the appropriate course writer 
section. 



PERSONNEL/ADMINISTRATION 288-3259 
COMMUNICATIONS/ELECTRONICS/AVIATION 

NBC/INTELLIGENCE 288-3604 

INFANTRY 28«-36ll 

ENGINEER/MOTOR TRANSPORT 288-2275 

SUPPLY/FOOD SERVICES/FISCAL 288-2285 
TANKS/ARTILLERY/INFANTRY WEAPONS REPAIR 
LOGISTICS/EMBARKATION/MAINTENANCE MANAGEMENT/ 

ASSAULT AMPHIBIAN VEHICLES 288-2290 



For administrative problems use the UAR or call the MCI HOTLINE: 288-4175. 



For commercial phone lines, use area code 202 and prefix 433 instead of 

288. 



PREFACE 



ANTENNA CONSTRUCTION AND PROPAGATION OF RADIO HAVES hat been designed to provide 
privetes through gunnery sergeants In occupational fields 2S and 28i a source ef study on the 
DTOpagatlon of radio waves and the construction and repair of conventional and field expedient 
antennas. 



SOURCE HATERIALS 



FH 24-18 

Tft-0$728A-1S 

TH-07SOSA-U 

TM-07S08A-U 

TH-1 1-5820-348-15 

TM-1M«« 

C0S-O733-B10, 

C0S-9328-A10 

K0.9 HR.14 

OH 10*3 

ECAC-CR-81-019 



Field Radio Techniques . July 1965 
s As-zm 

W 

Antenna 1&-22m^, Hay 1974 



Antenna system Septenber 1968 

jlntenna A^M5I/TB. August 1972 



Anttona Equipment RC-292 , Hiy 1966 
Antennas anfi Hasio propagation . February 1953 

Conventional and Field Expedient Antennas . 1981 
Mcia Expedient wntennas ana Radio wave iropagatlon 
Raaio operator's HanaDooic . sep ■iS8P 
operational Support toTITe U. S. Marine Corps. Feb 1981 
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ANTENNA CONSTRUCTION AND PROPAGATION OF ftAOtO WAVES 

Course Introduction 

ANTENNA CONSTRUCTION AND PROPAGATION OF RADIO WAVES Is designed to provide 
comiunlcatort with instructions In the selection and/or construction of the ijroper antenna(s) 
for use with current field radio equipment. 

ADMINISTRATIVE INFORMATION 
ORDER OF STUDIES 



Study Unit Study 

Nuiflbcr Hours Subject Hatter 

1 1 Radio Conminl cat Ions 

Z Z Propagation of Radio Uaves 

3 3 Antennas 

4 1 Site Selection and Antenna Grounding 

Appendix I Field Expedient Construction. NOTE: Required 

reading for study unit #3. 

Appendix II Electromagnetic Cwnpatblllty analysis center 

(ECAC) capabilities and services 



Z REVIEW LESSON 

Z FINAL EXAMINATION 

TT 



RESERVE RETIREHENT 
CREDITS: 



EXATIIKATION: 



HATERIALS: 



RETURN OF ittTERIALS: 



Supervised final examination withcul textbook or notes with a time 
limit of Z hours. 

tICI 25.15, Antenna Construction and Propagation of Radio Waves . 
Review lesson ana answer sneei. 

Students who successfully complete this course are permitted to keep 
the course materials. 

Students disenrolled for Inactivity or at the request of their 
commanding officer will return all course materials. 



HOW TO TAKE THIS COURSE 

This course contains 4 study units. Each study unit begins with a general objective 
which Is a statement of what you should learn from that study unit. The study units are 
divided Into numbered Mrk units, each presenting one or more specific objectives. Read the 
objectlve(s) and then the work unit text. At the end of the work unit text are study 
questions which you should be able to answer without referring to the text of the work unit. 
After answering the questions, check you answers against the correct ones listed at the end of 
the study unit. If you miss any of the questions^ you should restudy the text of the work 
unit until you understand the correct response. When you have mastered one study unit, move 
on to the next. After you have conplrted all $tudy units, complete the review lesson and take 
It to your training officer or NCO for nailing to MCI. MCI will mall the final examination to 
your training officer or NCO when you pass the review lesson. 
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MURINE amps iNsnniTE 



Welcome to the Marine Corpa 
Institute correapondence training pro* 
gram* By enrolling! in thia course, you 
ha\*c ahown a daaire to improve the 
aklUa you tieed ^or efTective job perfor* 
manct", and MCI has provided materials 
to help yoii achl«'\'e your f{oal. So\% all 
you need ia to develop your own method 
for using these materials to best advan* 
tage. 

The following guidelines present 
a Tour-part approach to competing your 
MCI course sueceasTully! 



I. Make reconnaissance 
your matf^rials: 



of 



2* Plan your aXudy lime and choose' 
a good study erivlrniwnent: 

3« Study Iboroughly and system* 
aticalJy: 

4. Prepare tor thr tinal c\am. 

L MAKK A "RIXONNAISSANCir OK 

Bc^in Willi a look at thr tourse 
introducticm page, il**ad tho COVHSW 
INTRODI CTION to ^f*M th** '*h\tt pKUire" 
of the course. Thni read ihc MATMRIAL? 
section near iho houoni of iho pum* m 
find out \-Jiich i<'Nt<s| and study aids vnti 
should ha\** rL*cei\ed with the Lourso. 
If any of the listed materials arr nii^S"' 
ing, &VV Infor ma tion T or \K I Si u dyn ts 
to find out how to get them. If von ha\f 
everyrliJng that is listed, yon arc refidy 
to '*retotinoiter" vour M<;i cour se. 




RratI through the* f;ible(s) of cntj^ 
tents or Vfmr feNt(s>). Nolo the \arifiiis 
Subiects t.f»vrref| in th** course and Hh* 
order* in \\liit:h th* y are taut^hi. h^ af 
through the te\t(s) a»ul iotik at the illuR- 



s 

T 
U 
D 
Y 

G 
U 

I 

D 

E 



tratiotis. Read s few work unit quea* 
tions to get an Idea of the types that are 
asked. If MCI proeidea other sttrdy 
aids, auch aa a slide rule or a plotting 
board, familiarize yourself w ith ^bem. 
\ou, get down to specifics! 

II. PLAN YorR srnjY time and 

CH(X)SE A GOOn STrOY ENVIR(JN^ 
MENT 

Krom looking over the i:ourse 
materials, you should ha\e some idea 
of how much study you w ill need tu com- 
plete this course. But ^'soine idea" is 
not enough. You nerd 1o work up a 
personal stndy |>lau: the fnllo\\i»ig ^If'ps 
should giv** you son>p help. 

(a) Get a caletidai* and niai'k those 
davrt oTtho ^eek whon you ha\e time 
fr'co for studv. Tvio study p^^riods per* 
week, vttLh lusting 1 to l\ hours, arc 
sufigenrd tor completing! the miniiruin 
two sluily units required i^ach month by 
MCIt Of Lr»utsr\ work niid oliuM* 
SLlH*fhrtr*s :ki e not trit* same for *M'*'ry*>ne. 
The iiit|)firtant ihnig is that von schedule 
a I e^fular fini** for i?lndy on the* same 
claysj oj^raLh w<'ok. 




Hr'arl thr ttnu s*' im r'odui-tioir 
paf^c* a^ain. 'riiv s(xlion mat^rd OROKR 
Ol* STt OIKS tolls you lilt- hunihur of 
ritufly units in Ihf toursf and the ai>pro\* 
iinuif ninnhrr- of stndy lifwirs wju will 
M*'f**l to umifilcte e«t:h study ui*it. j^ljifi 
thysr study h ou r s into your s u[|oduh\ 
I'*or' f'Namplf** if yon set asld** tw o 2 hour 
studv prri*Mls et ch wook aiirl th** ORDIIH 
f)K S rrnii:S vsnmaies 2 stndy hour's for 
your lirsi study m'li, >on f.onld easily 
st:luclulo aiifl c:oi i\Av\o tfif first study 
unit in oite study period. ()r» your cairn-* 
<lar you woirld n)£j k '*Study Unil on the 
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approprUt'^ day» Suppose that the 
•econd atud? unit of your course re- 
quires 3 study hours* In that case, you 
would divide the study unit In hair and 
work on each hilf dtirlng a separate 
study period* You would mark your 
calendar accordingly. Indicate on your 
calendar exacUy when you plan to uork 
on each atudy unit Tor the entire course. 
Do not forgat to schedule one or two 
study periods to prepare for the Final 
exam, 

©Stick to your schedule. 

Besides planning your study 
time, you § lould also choose a study 

environment that la right for you. Most 
p^ple need a qijlet place Tor study, like 
a library or a reading loimge; other 
people study better where there Is back- 
ground niU8l«;j still others prefer to study 
out-of-doors. You must chonso your 
study environment carefully so that It ^ 
rits your Individual needs, 

in. STi DY thoroi:ghlv ani> 

3VS fEMATlCAM.Y 

Armed with a \\orkalJe schedule 
and situated in a good study environment 
you are now ready lo artauk your covirse 
study unit by study unit* To begin* turn 
to the ftrat pais of study unit 1 * On this 
page you will find the study unit objective* 
a statement of what you should be able to 
do after completing the study unit* 

UO NOT begin by reading the 
work unit qn^'stions and Hipping through 
the text for answers. If you do so^ 
you \iiU prepare to ralJ, not pass, the 
final e\am. Instead, proceed as fol* 
lo\is: 



(a) Hvad the ohjeetfvi* for the 
first wot k unit and Then read the work 
unu text carefully. Make notes on 
the ideas yon feel are important* 



(b) Without referring to the test, 
answer tin- questions at the end of the 

work unit+ 



(Cy Check your anaw ern against 
the correct ones listed at the end of 
the study unit. 



(d) If you miss any of the questions, 
(vstody ihe woi K unit until you nnderatand 
the correct response. 



(k)Co 
Peat stc*ps ' 



to the neM work utill and re- 
_ through (d) until you haie com- 
pleted all the work unit?* In the study unit. 



o on 

© 



Follow the same procadu. * for each 
study unit of the course* If you have 
problems with the text or work unit questions 
that you cannot solve on your own, ask 
your section QIC or NCOIC for helpw If 
he cawiot aid you, request aaalstance from 
MCI on the Student Course Content Assls* 
tance Request included with this coursf. 

When you have finished all the study 
uoita» complete the course review lessMU 
Tfy to answer each question without the aid of 
reference materials* Ilqwever* If you do not 
know an answer* look It up* When you hi^ve 
finished the lesson^ take It to your training 
offtcer or NCO for mailing to MCS« MCt 
will grade It and send you a feedback sheet 
Uatlng course references for any qfteatlont 
that you mlis. 



IV. PREIMRK FOR THE KINAL EXAM 




How do you prepare for the flna] 
ex^nr* I'ollow these four Htepst 

(a) Review each study unit objective 
as a HunHnary of uhat was taught in the 
course* 

(H)lU'reail all portltms or the text 
that you f\>uiid particularly difficult. 

(c)Hevit \i nil ihv work unit questions, 
paving spreln] ;iMiinicni to thc»se you missed 
the rirrtt time around, 

(j5) Study the course review 
te^f^on, paying particular attention 
to the questions you missed* 

If you folW the^e simple 
stepH^ you should do \Vell on tlio 
final, coon LVCKt 



Wll 
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STUDY UNIT 1 



RADIO COMMUNtCATtONS 

STUDY UNIT OBJECTIVE: WITHOUT THE AtC OF REFERfNCES* YOU WILL IDENTIFY THE BASIC 
COMPONENTS OF A RADIO SET. YOU WILL ALSO IDENTIFY RADIO MAVES« CARRIER WAVE. AND 
MODULATION. LASfLY* YOU WILL IDENTIFY WHAT DETERMINES THE FREQUENCY OF A RADIO 
WAVE. 

Radio 1$ the principal iiteons of coninKinlcatlons 1p many tactical units. It Is used for 
command* fire control* exchange of Information* admlnlstratlort* and liaison between and within 
units. Radio connunlcatlons are particularly adaptable to rapidly changing situations. This 
Is due to the fact that electromagnetic waves are used to convey signals between communication 
terminals wlihout the ure of wires. Coimiunlcatlons with hiqhiy mobile units such as ships* 
aircraft, and tanks would be extremely difficult If radio were not available. The use of 
^adlo permits rapid Installation and establishment of communications between locations 
separated by great distances and obstacles. 

Work Unit 1-1. BASIC COMPONENTS Of A RADIO SET 

STATE THE PURPOSl OF A RADIO TRANSMITTER. 

STATE THE PURPOSE OF A RADIO RECEIVER. 

STATE WHAT AN ANTENNA IS USED FOR. 

3TATE THE PURPOSE OF A POWER SUPPLY. 

The basic components of a radio set are the transmitter* receiver* anten*ja« and power 

supply. 

a. Transmitter. The device for sending out radio signals Is called a transmitter. It 
generates* modulates* and radiates a radio frequency (RF) signal. A voice transmitter 
consists of an RF generator (oscillator)* a power amplifier for Increasing the power of the 
signal to the desired level* and a modulator for superimposing the Intelligence onto the RF 
signal. 

b. Receiver. The receiver takes the electromagnetic vaves and develops an electrical 
signal* which is amplified and demodulated. This procudure Is accomplished by mimite cun its 
entering the receiver from the antenna. A series of amplifiers (each with selective circuits) 
picks out the band of frequencies corresponding to the signal from a desired station and 
amplifies it to the desired level. This signal still contains variations corresponding to the 
original Input* either in the form of frequency or amplitude modulation. A demodulator 
removes the intelligence from the carrier resulting in a signal. This signal is developed in 
the audio frequency range. This signal is further amplified to operate a loudspeaker or 
earphone* thus converting the e1ectr(»r,a9net1c waves back to an audible signal. 

c. Antenna. The antenna provides a means for radiating RF energy into space. At the 
receiver location* It provides a means for Intercepting (picking up) the radiated RF energy. 
If the receiver 1i tuned to the same frequency as the transmitted RF energy (signal)* 
intelligence Is made available. In transmission* the antenna operates as a load to the 
transmitter. It also operates as a signal source for the receiver in reception (receiving). 
The gain of an Antenna* whether 1t*s transmitting or receiving* depends on the design. The 
type of antenna* the site* and the type of ground used are of paramount Importance In radio 
connunlcatlons. 

d. Power supply . Power supplies are devices that supply voltage to operate electronic 
equlpmenr; A power supply is required by both the transmitter and receiver. Power supplies 
vary in size and electrical output* ranging from small dry eel) batteries to diesol engine 
generators. The operating characteristics of a particular radio set determine the type* size* 
and output of the associated power supply. 

EXERCISE: Answer the following questions and check your responses against those listed at 
the end of this <tudy unit. 

1. What Is the purpose of a radio transmitter? 



1-) 



2. What Is the purpose of a radio receiver? 



1. What Is an antenna used for? 



4. What Is the purpose of a power supply? 



Work Unit 1-2. MDIO WAVES 

DEFItC RADIO WAVES. 

STATE WHAT DHERMINES THE FREQUENCY OF A RADIO mVE. 

:TATE the formula USEO to HND the WAVaENGIH WEN THE FREQUENCy IS KNOWN. 

Radio wves are olectromgnetlc energy ratllating from an antenna. These waves travel 
near the surface of the earth and also ndlate sttyvrard at various angles to the surface of the 
earth, (fig 1-1) These eloctronagnet 1c waves travel through space at the speed of light, 
approximately 186,000 miles (300,000 kilometers (KH)) per second. 




Fig 1-1. Radiation of radio waves from a vertical antenna. 

The wavelength of a radio wave Is the distance traveled by the wave In the period of 
tine required to con^lete one cycl4>. Each complete cycle of two alternations of the wave Is 
one wavelength e»q)res$ed In meters (fig 1-?). This wavolenath nay be measured from the start 
of one wave to the start of the next wara, or from the crest of one wave to the crest of the 
next wave. In either case, the distance Is the same. 



* WAVELeM«TH ■ • 




Fig 1-2. Wavelength of a radio wave. 
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The frequency of a radio wave i$ the nunber of complete cycles that occur In one 
second. The longer the time of one cycle, the longer the wavelength and the lower the 
frequency. The shorter the time of one cycle, the shorter the wavelength and the higher the 
frequency. The wavelength of t 2-MHz wave and a iD-MHz wave Is demonstrated In fig 1-3. 
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Fig 1-3. Comparison of two waves of different frequency. 

Since the frequency of a radio wave Is very great. It Is expressed in kllohertz ^KHz) 
per second r megahertz (MHz) per second. Dne KHz Is equal to 1.000 cycles per second, ind 1 
mz Is equal to 1.000.000 cycles per seco'id. 

For practical purposes, the velocity of a radio wave Is considered to be constant 
regardless of the frequency or the amplitude of the transmitted wave. Therefore, to find'the 
wavelength when the frequency Is known* divide the velocity by the frequency. 



Wavelength (In meters) 
(free space) 



■ 30D,00D.00D (meters per second) 
frequency uyces per second 



3DD.000 
frequency ^KHz) 



300 

Frequency {mi} 



To find the frequency when the wavelength Is known, divide the velocity by the 
wavelength. 



frequency 

(cycles per second) 
frequency (KHz) 

frequency (MKz) 



300.00D.00D 
wavelength (meters) 

3DD.00D 
waveiengin (meters) 

300 

waveiengin (meters) 



Most tactical r^dlo sets operate within the l.S MHz to 400 NHz portion of the 
frequency spectrum. Radio frequencies are divided Into groups or bands of frequencies for 
convenience of study and reference. The frequency bands of the radio spectrum are shown In 
table 1-1. 
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The process of superimposing the Information upon the carrier Is called modulation. 
This process varies or modifies either the frequency or the amplitude of the carrier 
waveform. Both amplitude modulation and frequency modulation methods are used In military 
radio connunl cation systems. 

Whef> audio frequency (AF) signals are superimposed on the radio frequency (RF) 
carrier* additional RF signals are generated. The additional frequencies ate e'^ual to the 
sum» the difference of thf^ audio frequencies and the radio frequency Involved. For example* 
assume that a 1«000 Khi carrier Is modulated by a 1 KHz audio tone. Two new radio frequencies 
are developed* one at l«i)01 KHz (the sum of 1«000 and 1 KHz) and the other at 999 KHz (the 
difference between 1*000 and 1 KHz). If a complex audio signal Is used Instead of a single 
tone« two new frequencies will be set up for each of the audio frequencies Involved. The new 
frequencies are called sidebands. 

Amplitude modulation (AN) Is defined as the variation of the RF power output of a 
transmitter at an audio rate. In other words* the RF energy Increases and decreases In power 
according to the audio (sound) frequencies. In simple terms* amplitude modulation H the 
process of varying the power output of a transmitter (fig 1-5). 




Fig 1-5. Aiiq)11tude modulated wave. 



A radio frequency (RF) carrier Is modulated by a single audio tone. In which* two 
additional frequencies are produced. One Is the upper frequency* which equals the difference 
between the frequency of the RF carrier and the audio rate. The one higher than the carrier 
frequency Is the upper side frequency. The one lower than the carrier frequency is the lower 
side frequency. 

When the rmidulatlng signal Is made up of complex tones* as In speech* each Individual 
frequency component of the modulating signal produces Its own upper and lower side 
frequencies. These side frequencies occupy a band of frequencies called side bands. The side 
band that contains the sum of the carrier and modulating frequencies Is called the upper side 
band. The side band that contains the difference of the carrier and the modulating 
frequencies Is called the lower side band. 

The space that a carrier and Its associated side bands occupy In the frequency 
spectrum Is called a channel. In amplitude modulation* the width of the channel (bandwidth) 
Is equal to twice the highest modulating frequency. Consequently* a 5*000-KHz carrier is 
modulated by a band of frequencies ranging from 200 to 5*000 cycles (.2 to 5 KHz)* the upper 
side band extends from 5*000.? to 5*005 KHz* and the lower side band extends from 4*999.8 to 
4*g95 KHz. The bandwidth Is then 10 KHz* which Is twice the highest modulating frequency (5 
KHz). 

The Intelligence of an amplltude-modjiated signal exists solely In the side bands* In 
which the amplitude varies according to the strength of the im)dulat1ng signal. 

Amplitude modulation generally 1s used by radiotelephone transmitters operating In the 
medium and high frequency portions o^ the spectrum. 

Frequency modulation (FM) Is the process of varying the frequency of the carrier wave 
(fig N6). 




Fig 1-6. Frequency modulated wave. 
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In a frtouancy- nodulated MVt, the frequency varies Instantaneously about the 
unmodulated carrier frequency In proportion to tho asplltude of the ooduUtlng signal. 
Therefore, when the imdulatlnii slanal increases In amplitude, the instantaneous frequency 
increase occurs; when the moduleting signal decreases, the frequency decresses. 

In an TH wave, the anplltude of the modulating signal detenilnes the extent of 
departure of the Instantaneous frequency fron the center or rest frequency. Thus, the 
Instantaneous frequency can be nade to deviate as much as desired from the carrier frequency 
by changing the amplitude of the modulating signal. Even though the Mdulatlon frequency Is 
only a few kllohertz, this deviation frequency may be as high as several hundred kllohertz. 
The side-band pairs generated by frequency modulation are not restricted, as In anplltude 
modulation, to the sun and difference between the highest modulating frequency and the carrier. 

The first pair of side-bands In «n FH signal are the carrier frequency, plus and minus 
the nodulatlng frequency. Additional side-band pairs will i^pear at Qach multiple of the 
modulating freouency. For exanple, a carrier of 1 HHz Is frequency nodulated by an audio 
signal of 10 KHz. There will be several side-band pairs spaced equally on either side of the 
carrier with frequency at 999 KHz/1,010 KHz, 9B0 KKz/1,020 KHz, 970 KHz/1,030 <Hz, and 
continuing In the same process. As a result, a frequency nodulated signal occtiiles a greater 
bandwidth than a aii^lltude-modulated signal. 

As Indicated above, the FM wave consists of center or canler frequency and a number 
of side-band pairs. When moduUtlon Is affiled, the anplltude of the noduUtlon signal 
Increases In which power takes place fron the center-frequency coeponent and Is forced Into 
the side-bend pairs. 

The FM signal i')av1ng the transmitting antenna Is constant In anplltude, but varies In 
frequency according to the audio-modulating signal. The slenal travels between the 
traitsmlttlr^ and receiving antennas} however, it Is conblned with natural and nan-made noises 
that cause amplitude variations In the signal. All of these undesirable anplltude variations 
are anplUlod as the signal passes through successive stages of the receiver until the signal 
reaches the llmlter stage. 

The llmlter eliminates anplltude variations and passes the FH signal on to the 
discriminator. In which the discriminator Is sensitive to variations In the frequency of an RF 
wave. The resultant constant-amplitude frequency- nodulated signal Is processed by the 
discriminator circuit, which transforms the frequency variations of the signal Into 
correspondlno voltage amplitude variations. These voltage variations reproduce the original 
modulating signal In a reproducing device such as a headset, loudspeaker, or teletypewriter. 

Frequenc; modulation generally Is used by radiotelephone transnltters operating In the 
very high frequency bands. 

EXERCISC: Answer the following questions and check your responses against those listed at 
the end of this study unit. 

1. The wave upon which all Information Is attached or superimposed for transmission 
defines . 

Z. When Intelligence has been applied to a carrier, the carrier Is said to be 

* 

3e The process or varylnj the RF power output of a transwitter defines 



4. The process of varying the frequency of the cafrler wave defines 



SUttWRY REVIEW 

In this study un1t« you have learned about the basic components of a radio set. You 
have learned that radio waves are electromagnetic energy which radiate from an antenna* You 
have also learned that a carrier wave «ct8 as a medlun for the transmission of Information 
signals and that these signals are s^)er1^posed ^)on the carrier wave by means of modulation* 
either anplltude or frequency. 
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Answers to Stu4y Unit II Exercises 



Work Uni t M . 

1. To send out radio signals 

2. The receiver takes the electromgnetic waves and develops an elearical signal* 
which is then 4unp1lf1ed and demodulated into an audible signal. 

3. It provides a means for radiating RF energ/ Into space and picking up the radiated 
RF cnergi^. 

4. Supplies the vo1t3<)6 needed to operate electronic equipment 
Work Unit N2. 

1. electroisgnetlc enersf radiated from antenna. 

2. The nundter of complete cycles that occur in one second 

3. frequency 

Work Unit 1-3. 

1 . carrier wave 

2. modulated 

3. amplitude modulation 

4. frequency modulation 



1-7 

o 1 a 



STUD< UniT 2 

PROPAGATION OP RADIO WAVES 

STUDY UNIT OWECTIVE; WITHOUT THE AID OF REFERENCES. YOU KILL IDENTIFY ATtWSPIIERE 
AND THE THREE LAYERS UHICH I1AKE UP m EARTH'S ATMOSPHERE. YOU WILL IDENTIFY 
GROUND WAVE PROPAGATION* SKY-WAVE PROPAGATION* AND SKIP ZONE. IN ADDITION* YOU 
WILL IDENTIFY THE IONOSPHERE AND TELL WHY IT'S SO IMPORTANT TO LONG RANGt 
COMHUNICATIONS. YOU WILL ALSO IDENTIFY MAXIMUM USABLE FREQUENCY (MUF)* LOWEST 
USABLE FREQUENCY (LUF)* AND FADING. LASTLY* YOU WILL IDENTIFY THE EFFECTS THAT 
FREQUENCY HAS ON IIAVE PROPAGATION!. 

Radio comnainlcatlons Is not th^ sam at all hours of the day or at all times of the 
year. Even though radio waves and the atmosphere above the ear':h are Invisible* the 
atmosphere plays an Important role In radio communications. Things happening on the sun such 
as sun spots* being several million miles away* also have a direct effect on communications. 
Since propagation usually takes place within the earthS atmosph<»re* It is necessary to 
establish a basic understanding of the air around and above us. 

Work Unit 2-1. THE A.110SPHERE 

DESCRIBE THE ATMOSPHERE. 

NAME THE THREE LAYERS WHICH MAKE UP THE ATTIOSPHERE. 

GIVEN A LIST OF THE ATOMOSPHERE LAYERS AHD A LIST OF THE DESCRIPTION* tWTCH EACH 
LAYER WITH ITS APPROPRIATE DESCRIPTION. 

The Atmosphere 

Wave propagation deals with the properties and the nature of the atmosphere through 
which radio waves must travel from the transmitting antenna to the receiving antenna. The 
atmosphere Is a gaseous mass which envelops the earth. It Is not uniform* because It varies 
with the altitude* geographic location* time of day or night* season* and year. A knowledge 
of the conposltlott and properties of the atmosphere aids In the solution of problems that 
arise In planning radio coniuinlcatlon paths and In predicting the reliability of 
connunlcatlons. The earth^s atmosphere Is divided Into three regions; the troposphere* the 
stratosphere* and the Ionosphere. For an Idea of their location and heights above the earth 
see figure 

a. Troposphere . The troposphere Is that portion of the earth^s atnosphere extending from 
the surface Of the earth to a height of approximately 6.8 miles (10 km). Within the 
troposphere* the blinding of radio waves by refraction causes the radio horizon to exceed the 
optical horizon. Troposphere refraction (rifle-^tlon caused by sudden changes In the 
characteristics of air In a lower atmosphere) affect th'^ received signal at distances beyond 
the radio horizon. 

b» Stratosphere . The stratosphere Is that portion of the earth^s atmosphere lying 
between the troposphere and Ionosphere* about 6.8 miles to 30 miles (10 to 48 km) above the 
earth. The temperature In this region Is nearly constant. 

c. Ionosphere . The Ionosphere Is that portion of the earth *s atmosphere above the lowest 
level at whicn ionization (spll'^tlng of molecules Into positive and negative charges or Ions) 
of low pressure gasses will affect the transmission of radio waves. It extends from about 30 
to 250 miles (48 to 402 km) above the earth. The Ionosphere Is composed of several distinct 
layers In which Ionization occurs at different levels and Intensities. 
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Fig 2*1* The earth's atmosphere. 

EXfntCtSE: Answer the follwlns questions and check your responses against those listed at 
the end of this stu^y unit. 

1. The atmosphere Is a 



tRiC 



2. The three regions or layers i4i1ch make up \>i^ earth's atmosphere are the_ 

• , and 



fhtching ; Colum 1 (Items 3 through 5) lists the atomospherlc layers* Column 2 
(a tnrou^ c) lists the description of the atonDSiiherlc layers. Mitch each 
atomospherlc layer In column 1 with the description In column 2* Place your 
answers In the spaces provided. 



Column 1 

Atonpspherlc layers 

J3, Troposphere 
"^4. Ionosphere 
^. Stratosphere 



a« 



b. 



c. 



2-2 



Column 2 

Description 

The region of the atomosphere which 
extends from the surface of the earth to 
a hel^t of about 6.8 miles 
The region of the earth's atonosphere 
conposed by several distinct layers 
The region of earth's atomosphere lAiere 
the temperature remains nearly constant 
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Hork Unit 2-2. CROUND UAVES, SKY WAV£S> AND SKIP ZONE 

DEFINE GROUND-WAVE PROPAQATtON. 

NAME THE imt COMPONENTS OF A GROUND WAVE. 

STATE WHAT SKY-WAVE PROPAGATION DEPENDS UPON. 

DEFINE SKIP ZONE 

Sround-W>v> Propawtlon 

6round<wive propagation refers to those types of rf.d1o tranSmltslOfi that do not mke 
use of waves that have been refracted from the Ionosphere. The field Intensity of ground 
waves depends on the transmitter power, the characteristics of the transmitting entenna, the 
frequency of the waves, the diffraction of the waves around the curvature of the earth, the 
electrical characteristics (conductivity and dielectric constant) of the local terrain, the 
nature of the transmission path, and local weather conditions. The following are three 
components of a ground wave. 

a. Direct Have . The direct wave Is that component of the entire wave front that travels 
directly rron the transmitting antenna to the receiving antenna (fig 2-2). This component Is 
limited to the 11ne-of-$1ght distance between the transmitting and receiving antennas, plus 
the small distance added by atmospheric refraction and diffraction of the wave around the 
curvature of the earth. This distance can be extended by Increasing the height of the 
transmitting antenna or the receiving antenna (or both). 

b. Ground-Reflected Wave . The ground-reflected wave (fig ?-2), Is the portion of the 
radiated wave tnat reacnes tte receiving antenn* after being reflected from the surface of the 
earth. Vthen both the transmitting and receiving antennas are on or close to the ground, the 
direct and ground-reflected components of the ground wave tend to cancel each other. 

c. Surface Have . The surface wave (flo 2-2) which follows the curvature of the earth. Is 
the component of ih^ ground wave that Is affected by the conductivity and dielectric constant 
of the earth. 



Sky-Uave Propagation 

a. Sky-wave transmission oaths . Sky-wave propagation refers to t»iose types of radio 
transmission that depend on the ionosphere to provide signal paths be':ween transmitters and 
receivers (fig 2-3). $Ky-wave transmissions are by far the most Important method for long 
distance radio communications. 




Fig 2-2. Possible routes for ground waves. 
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Fig 2-3. Various sky-wave transmission paths. 

b. Sky-Wave Modes . The distance at which the wave returns to the earth depends on the 
height of the ionized layer and the amount of bending of the path while traversing the Iftyer; 
the latter depending on the frequency of the wave as compared to the Ion density of the layer 
required to refract or bend the wave. Upon return to the earth's surface, part of the energy 
enters the e«rth to be rapidly dissipated, but part Is reflected back Into the ionosphere 
again, where it nay reflect downward again at a still greater distance fron the transmitter. 
This means of travel In hops, by alternate reflections from the ionosphere and from the 
surface of the earth, nay continue, and enables transmission to be received at long distances 
from the transmitter. Figure 2-4 Illustrates this means of travel for paths Involving one, 
two, or three reflections from the lo.iosphere (single, double and triple hop modes or paths). 
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Fig 2-4. Modes of sky-wave tranratssions. 



Figure if-S further illustrates this mans of t avel and reflection from different 
layers^ with the layers represented by line for ^implicUy. Figure 2-4 also relates the 
heights of the various ionized layers to actual distances along the earth's surface. 
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Fig 2-5. Relating reflected waves to distances along earth's surface. 

c. Skip Zone . The skip zone is an area v^ere no ;'$^b1e signal can be received from a 
given transmitter operating at a given frequency. This area Is bounded by the outer edge of 
the usable ground-wave propagation and the point nearesv the anterna at v^lch the sky wave 
returns to earth--the skip distance. The skip zone a\d its relation to the ground wavt are 
shown in figure 2-6. When the skip distance is within the range of the ground wave^ there is 
no skip zone. In this case* both the sky wave and the ground wave may arrive at the antenna 
with nearly the same field intensity but a random relative phase. When this occurs* the 
sky-wave component alternately reinforces and cancels the ground-wave component* causing 
severe blasting (during reinforcement) and fading (during cancellation) of the signal, for 
each frequency (greater than the critical frequency) at which refraction from an ionosphere 
layer takes place* there is a skip distance that depends only on the frequency and the state 
of Ionization. The skip zone* on the other hand depends on the extent of the ground-wave 
range* and disappears completely if the ground-wave range exceeds the skip distance. 
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Fig 2-6. Skip 2on«. 

eXERCtSE: Answer the followlitg questions and check your responses against those listed at 
the end of this study unit. 

1. Define ground-wave propagation. 

2. Hhat are the three components of the ground wave? 
a. 

b. _^ 

c. 



3. Sky-wave propagation depends on 
the 



to provide signal paths between transmitter and 



receivers. 
4. Define skip zone. 



Uork Unit 2-3. THE LAYERS OF THE IONOSPHERE 

STATE THE r^NERAL EFFECT THAT THE "D" REGION HAS ON HICK FREQUENCY RADIO UAVES. 

STATE THE REGION WICH IS IONIZED AT ALL HOURS OF THE DAY AND NIGHT. 

STATE WHAT DETERMINES THE RANGE OF LONG DISTANCE RADIO TRANStUSSlONS. 

NAME THE TVIO LAYER!; OF THE IONOSPHERE WHICH ARE HOST HIGHLY IONIZED. 

DEFINE CRITICAL FREQUENCY. 

Ionosphere . The Ionosphere Is that portion of the earth's atmosphere containing 
Ionized gases, inere are four distinct layers of the Ionosphere. In the order of Increasing 
heights end Intensities, they arc called the "D/ "E/ "Fl/ and ''F2'' layers. The relative 
distribution of these layers Is shown In figure 2-7. As may be seen In the Illustration, the 
four layers are present only during the day when the rays of the sun are directed toward that 
portion of the atmosphere. During the .b, the "Fl" and "FZ" layers seem to merge Into a 
single "F" layer, and the 'D" and "E" layers fade out. The actual metrt>er of layers, their 
helots above the earth, and the relative Intensity of Ionization present In them vary from 
hour to hour, day to day, month to month, season to season, and year to year. 

a. "D" Region . The "D" region exists only during daylight hours and has little effect In 
bending tne path of high frequency radio waves. The main effect of the "D" reolon Is to 
attenuate or decrease the Intensity of hl^-frequency Mves when the transmission path lies In 
sunlit regions. 

b. *E* Region . The *E" region 1$ used during the day for high-frequency radio 
transmission over Intermediate distances than approximately 1,500 miles). The Intensity 
of this layer decreases during the night; however, and It becomes useless for radio 
transmission. 

2-S 

ER?C ^5 



c* **F'' Region * The "F" region exists at Heights up to 240 miles (380 km) above the 
surface of the earth and Is lonUed at all hours of the day and night* There are two 
well-defined layers during thrr day and one during the night* At night* the **r** l^yer lies at 
a he1<«ht of about 170 miles (260 km) and Is useful ^or long-range radio coarunlcatlon (over 
1,500 miles (2400 km) )* 

d* "Fl** and "F2'' Layers * Ouring the day the "F" region splits Into two distinct layers* 
the **Fr layer and the "FZ** layer* The **F2- layer Is the most useful of all layers for 
[ong*range radio communication, even though the degree of Ionization varies appreciably from 
day to day as compared with other layers* 




Fig 2-7* Average layer distribution of the Ionosphere* 

Ionosphere Characteristics 

a* Critical Frequency * The range of long-distance radio transmission Is determined 
primarily by the Ionization density of each of the layers* The higher the frequeficy, the 
greater density of ionization required to refract radio waves back to earth* The upper (^E" 
and "F**) layers refract the higher frequencies because they are the most highly Ionized* The 
"O"" layer* nfhich Is the least 1on<zed does not refract frequencies above approximately SOO 
KHz* Thus, at any given time ^nd for each Ionized layer, there is an upper frequency limit at 
wnlch waves sent vertically upward are reflected directly back to earth* This limit 15 called 
the critical frequency* Waves that are directed vertically at frequencies higher than th'' 
critical frequency pass through the Ionized layer out Into space* All waves directed to the 
Ionosphere at frequencies lower than the critical frequency are refracted back to the earth* 

b* Critical Angle * Radio waves used In communication generally are directed to the 
Ionosphere at some oETlque angle called the anqle of Incidence* Waves at frequencies above 
the critical frequency will be returned. If propagated at angles of Incidence lower than the 
critical angle* At the critical angle, and ft all angles larger than the critical angle* the 
wave will pass through the Ionosphere, If the frequency Is higher than the critical 
frequency* As the angle becomes smaller, an angle Is reached -it which the wave Is bent back 
to the earth by refraction. The distance between the transmitting antenna and the point at 
which tiiO wave first returns Is called the skip distance (flo 2-3)* 
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Variations of the Ionosphere 



The* nto^ements of the earth aroand the sun and chanaes In the sun's activity contribute 
to Ionospheric mlatlons. There are two main classifications of these variations: regular 
variations thet are predictable* and Irregular variations resulting from abnormal behavior of 
thp sun. 

a. Regular Variations . The regular variations may be divided Into four classes: (1) the 
daily* caused by tne rotation of the earth; (2) the seasonal* caused by the north and south 
progress1'>n of the sun; (3) the 27-day* caused by the rotation of the sun on Its axis; and (4) 
the ll-yeer* which Is the average period during which sunspot activity varies from Mximuii to 
vnlnlmum and back to maximum. 

b. trrequ^ r Variations . The transient (momentary) Ionospheric variations* though 
unpredictable* nave important effects on radio propagation. Some of these effects are: 

(1) Sporadic E . Uhen It Is excessively Kilzed* the t layer often completely blanks 
out the reflections from the higher layers. This effect may occur during the day 
or at nljht. 

(2) Sudden Ionospheric disturbance . A sudd*^n Ionospheric disturbance (SID) coincides 
with a bright solar eruption and causes abnormal Ionization of the D layer. This 
effect causes total abs'^rptlon of all frequencies above 1 MHz. It occurs without 
warning during the day and may lost from a few minutes to several hours. When SID 
occurs* receivers seem to go dead. 

(3) Ionosphere storms . These storms may last from several hours to several days* and 
usually extend over the entire earth. Durino these storms* sky-wave transmission 
above approxlrsately 1.5 rlHz shows low Intensity and Is subject to a type of rapid 
blasting and fading called flutter fading. 

EXERCISE: Answer the following questions and check your responses against those listed at 
the p:id of this study unit. 

1. VJhat general effect does the region of the Ionosphere have on high frequency 
radio waves? 



2. Which region of the Ionosphere Is Ionized at all hours of the day and night? 



3. lihat determines the range of long distance radio transmissions? 



4, The two layers of the Ionosphere highly Ionized are: 

a. 

b. ^ 

5. Define critical freqvency. 



Work Unit 2-4. MAXIMUM USABLE FREQUENCY (MUF) AND LOWEST USABLE FREQUENCY (LUF) 

defin: mxiMUH usable frequency (huf). 

STATE WHAT WOULD HAPF'EN TO (lA^'ES OF FREQUENCY GREATER THAN THE MUF. 
OiiFIHF LOWEST USABLE FRF^OENCY 'LUF). 
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Maximum Usable Frequency (MUF) 



An Important concept associated with sky-wave propagHlon Is called the maximum usable 
frequency (MUf ), \Mf Is the tilghest frequency for which a radio wave will reflect from an 
Ionospheric layer for a given elevation or propagation path. Frequencies higher than the MUF 
will penetrate the layer and escape Into space. 

It Is Important at this point to discuss propagation predictions and their statistical 
nature. The science of predicting Ionospheric conditions and the best frequencies to use for 
a given path is well developed, but subject to the same accuracy problems as prediction of the 
local weather. It Is Impossible to predict with absolute accuracy what frequency will be best 
to use for a given propagation path. It Is Impossible to predict with reasonable good 
accuracy what the MUF will be for a given contminlcatlon path at a particular time of day. 
These predictions are usually based on a statistical reliability of 50 percent . For example, 
assume that the MUF for a certain propagation path Is predicted to be 12 MHz during the time 
period of 1200 to 1600 hours for the month of November. This actually means that the MUF will 
be lower than 1^ MHz 15 days of the month and higher than 12 MHz the other 15 days of the 
month. The median MUF for the entire month will be 12 MHz. It also means that, on a given 
day when the MUF Is actually 12 HH2, frequencies slightly higher than 12 MH2 may be used with 
greatly reduced reliability. 

When there Is a choice of frequencies to use, It Is always best to use higher 
frequency. This Is especially true when communicating over distances greater than about 1,000 
km. This reduces absorption from any lower layer and minimizes multl-^path fading. However, 
It Is generally undesirable to operate at or near the MUF, since this frequency Is reflected 
only 50 percent of the time. To allow for day to day changes In the HUF and the critical 
frequency. It Is customary to use a frequency that Is about 85 percent of the MUF. This lower 
frequency Is known as the frequency of optimum transmission (FOT). It Is based on the 
statistical fact that It lies below the dally variations of the actual MUF about 90 percent of 
the time. It Is not always the frequency for minimum path loss or for minlmun fading, and 
there are times when a frequency 10 percent lower or higher than the FOT will be better. 
However, based on statistics, the FOT represents the best choice for a given path length, time 
of day, season, and sunspot number, see f1g>ire 2-8. 
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Fig 2*8. Typical variation of LUF, FOT, and MUF over a path from London to th<. Canary Islands 
during the month of OecMber. 

Lowest Usable Frequency (LUF) 

For a given transmitter power, as the operating frequency Is decreased, the average 
signal level at the receiver mII^ decrease due to Increased Ionospheric absorption. The 
average level of natural atmospheric noise (lightning discharge) and nan-made noise 
(electrical equipment) existing at the receiver location increases at lower frequencKts. 
Thus, If the frequency of transmission Is reduced much below the critical frequency, the 
received signal strength decreases trfille the received noise increases until finally the signal 
Is generally unusable. As the frequency for transmission over any given sky-wave path is 
increased, a value will be reached at which the received signal just overrides the level of 
atmospheric and other radio noises. This Is called the lowest usable frequency (LUF) because 
frequencies lower than the LUF are too weak for useful comunlcatlons. The LUF depends upon 
the power of the transmitter, path loss, total noise level at the receiving location, 
receiving antenna gain and directivity, and noise generated within the receiver Itself. 
Because ionospheric absorption is maximum When the "D** layer reaches Its peak, the LUF 
generally peaks around noon. A frequency for day use must be chosen sufficiently above the 
LUF to ensure a reliable signal-to-nolse ratio. 

EXERCISE: Answer the following questions and check your responses against those listed at 
the end of this study unit. 

1. Define maximum usable frequency. 
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2* What happens to waves uf frequency {greater than the HUF7 



3* Define lowest usable frequency* 



Work Unit 2-5* FADING 



DEFINE FADING* 



Fading Is the periodic Increase and decrease of received signal strength* This occurs 
when a radio signal Is received over a long distance path In the high frequency range* The 
precise origin of this fading Is seldom understood* There Is little common knowledge of what 
precautions can be taken to reduce or eliminate the troublesome effects of fading* Suggested 
methods for reducing fading are; Increasing transmitter power and antenna gain* using two or 
more receiving antennas spaced some distance apart both feeding Into the same receiver 
(diversity reception), and proper frequency selection and Intelligent use of transmitting and 
receiving equipment* Fading associated with sky-wave paths Is the greatest single detriment 
to reliable communications* 

The many types of fading fall Into four principal classes: Interference, 
polarization, absorption, and skip fading* Host of the rapid fading In the Input to a 
receiver Is a combination of the first two types; the other two are responsible for slower 
changes* 

a* Interference Fading * Interference fading Is caused by phase Interference of two or 
more waves from the same source arriving at the receiver over slightly different paths* If 
the paths are of different lengths* and their relative lengths vary for some reason, such as 
fluctuations In the height of the Ionosphere It^rs, the relative phases of the waves arriving 
over the different paths vary with time, causing alternate reinforcement and cancellation ef 
the field Intensity (fig 2-9)* Because of Irregularities In the Ionosphere, one downcoming 
sky wave Is really the summation of a great number of waves of small Intensity and of random 
relative phases, and thus the resultant field Intensity can vary over wide limits* 



b* Polarization Fading * Additional variation In the field Intensity affecting the 
receiving antenna occurs as a result of changes In the state of polarization of the downcoming 
wave relative to the orientation of the antenna* This variation Is called polarization 
fading* In general, the state of polarization of the downcoming sky wave Is changing 
constantly* This Is due mainly to the combination, at random amplitudes and phases, of the 
two oppositely polarized components, the ordinary and the extraordinary wave* The 
polarization of the downcoming sky wave Is generally elliptical* Elliptical poUrlzatlon 
means that as the wave travels along tt*e signal path, the electric and magnetic fields 




Fig 2*9* Fading caused by combination of ground and sky waves* 
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rHfhiiii ill I t |ln .inghv. tu (McIi other aii^ ti» the direction of propagation, but rotate about the 
\j'in<tl (Mtu \t\ mm* it ^^ <arks(:rL*^ favhlon instead of remaining constantly In either a 
virtluil <i j/ihMiiI with respect to the path, as does the plane polaMzed wave. 

This T^'^ulK In riirutiiin iinri r<m'it4nt1y chanfjing values of the amplitude and orlmtatlon of the 
t^lpctrir ffolfl with ro^\n*iX the r(>ce1vtna antenna* The state of polarization of sky wavn 
varlo^ mw^ rjindl/ fhf* hir^ior Uin fre<]uency, Which accounts In part for the rapid fading on 
tht* hi'jhi^r frtN|Ui^nclPs , 

r, Ah,oij^Lion Kaf1irt(|. Absorption faJIng Is caused by short-tine variations in the jnount 
of on^T'jy Tost frcHrt (hV^ w<iv*> bocaiiso of absorptloi In tho Ionosphere. In general, the period 
of this it thlit)ij is mjch lon<jer thcin for the other two types* since the Ionospheric 
absorptittn itsuil)/ h<iiii|os slowly. Ihe sudden Ionospheric disturbance Is an extreme case of 
thts iy\)o of fa^linrj, althou<^ usually It Is classified as an Irregular disturbance rather than 
as facing. S<»inei4iat similar to this type of fading, although not caused In the Ionosphere but 
hy reflections absorption {n objects close to the receiver. Is the ^pe of fading 
oKporlonred ^n receiving a signal while moving along In a vehicle. The fading out of the 
slgnat wh^Hi the vehicle is (>ass1ny und&r a bridge or near a heavy steel structure 1s caused by 
absorption of the wave's energy by the structure* Effects of this sort are Involved In 
so-called dsad spots or places where radio reception Is particularly difficult. A1so« 
radiation from wires, fences, and steel structures can cause an Interference pattern that Is 
relatively fixed In space, and can be noticed on moving the receiving equipment around. Vlhere 
theru are nearby structures JiHch can cause these effects, care must be exercised In ttie 
splection of the receiving sue. 

*Jcij) Fading- Skip fadlny is observed ai places near the 11*«1t of the skip distance, 
and Is rausofIVy the changing angle of refraction* Near sunrise and sunset* when the 
ion1z<iti(>n (tensity of the ionosphere Is changing. It may happen that the HUF for a given 
transmls'ilon pith f1u<:titates about the actual operation frequency* When the skip distance 
mDves mt past thr receiving station (sometimes called going Into the skip) the received 
1nt(>ns1ty abruptly drops by a factor of 100 or more, and Just as abruptly Increases again when 
tile skip rilstiiiice noves In again. This nay take place mny times before steady conditions for 
transmission are established, 

rxrjtn.SF: Ar)<>wer tlie following question and check your response against those listed at 

the ond ol tjiis stiidy unit. 

\ , iiefinr! r hiinrj. 



Work n^nr ? HTK:r> fktfJOCNCY ON WAVE PROPAGATION 

^hAu IMt m\ ITOPACiATinN THAT IS EXTREMELY USEFUL FOR COWlUN I CATION AT LOW 

STATK inr TVpro OF WAVE PROPAGATION THAT ARE USEFUL AT THE MEDIUM FREQUENCY 

STATE TMF fwO TYPES OF UAVE PROPAGATION THAT ARE PRESENT AT THE HIGH FREQUENCY 

BAND. 

STATK niE WAVE PROPAGAiION THAT PROVIDES THE BEST COMMUNICATIONS AT THE VERY HIGH 

FREfJlirNCY BAUD, 

UATE THE WAVE PROPAGATION THAT MUST BE USED FOR ALL TRANSMISSIONS AT ULTRA HIGH 

FREqUDJCIES, 

The u,idiM*sUnt!iihj of the effects of the atmospheric layers described In work units 2-1 
thrniitjh ?-5 is compliratH fjirther *)y variations In frequency of the transmitted wave* The 
rharatttvis tics of low frogtiency propagation are fflfferent from hlglh^frequency propagation* 
The frequenc1*?s of propagation usually are classed In ranges shown In table 1-1 for ease of 
Identification, Thrre ore two principal ways stated earlier In work imit 2-2* In which radio 
wavps travel from a iTfjnsmitter to a receiver hy means of ground waves and sky waves* 

At Irm ir oipii nr Jrs (,03 to .1 MHz), the ground wave Is extremely usefOl for 
= unh'iriti itioM '>M>r grf\itiT distrincc, Tho ground wave signals are quite stable and show little 
1. .'1, In tin* niMliufti-tt rqirncy hand (,3 to 3.0 MHz)* the range of the ground 
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wave vartt^s from about 1^ miles (24 km) at 1000 kh^ Uy ribout 400 imlcs (640 km) at the )mer 
frequencies of the land. Sky wave reception is posoihic during or riiyja at any of t^4e 
lower frequencies in this band. At nl4ht, the sky wave gives rccoption at d distance up to 
8,000 miles (12,870 km). In the high-frequency band (3-0 to so MHz), the ranqo of thft ground 
wave decreases with an increase in frequency and tho ->ky waives are gr<?atly influenced by 
ionosi*er1c considerations. In the very-liigh frequonry band (30 to 300 HHz), tiicro i-i no 
usable gt^ound reflected and no surface wave, only a slight rufrartion of sUy waves by the 
ionosphere at the lower frequencies. The diroct wave provided cornmunication \f tho 
transmitting and receiving antennas are e1oVdt*!d sufficiently above Uio -lurfdco r.f tho oarth. 
Transmission over any greater range is unprodiit^Mle ,ind will last only for short periods of 
time, because of sporadic conditions in the iorrosphi^r.^ In tlio iM trn hi^i frequoticy band (300 
to 3^000 MHz)^ the direct wave must be used for a)1 r\idio banMnlvJon^. rommuntc.ition is 
United to a short distance beyond the horizon, lack of static and fddintj i^i tlieso band^ 
Mkes 1 ine-of-sight reception very satisfactory. Hi^ly directive antennas can be built into 
snail spaces to concentrate RF energ/ into a narrow beam, thus increasing the signal intensity. 

EXERCISE: Answer tie following questions and rhe(k your n?spmi';rs agamit those Itsted at 
the end of this study unit. 

1. What wave jMropagation is useful ^or coinminlcations at low frequencies? 



2. What two types of wave propagation are useful at t)ie medium frequency band? 



3. What two types of waves propagation are present In the high frequency band? 



4 What propagation wave or component of a propagation wave provide; the best 
coiwwnication at the very-high-frequency rat^ge? 



5. When operating rfitliin tiie IIHF banrl. \^\ch co^npomni of the ground wave provides 
coimunication? 



SUH1AKY REVIEW 

In this study unit» you have learned i\bmt the earth's abnosphero and ihc three 
different layers which make up the atmosphere. You have learned about ground-wavR^ sky wave 
propagation^ skip zones, and how the ionosphere affects long distance sky wave transmissions. 
You have also learned about the affect fadinq ha*, on long distance communications and tho 
different propagation paths associated with uio different frequency ranges (hands). 



Answers to Stu<(y Unit #2 Exercises 

Work Unit 2-1. 

1. gaseous mass which ^nvctops n tf, 

2* troposphere, stratosphere, iti. - 



3. a. 

4. b. 

5. r . 



ERLC 




Work Unit 2-2. 

1 . those types of radio transntsslon that do not Mke use of tiaves that have not been 
refiracted fi^M the Ionosphere* 

2. a. Direct Mve 

b« Groifid reflected iiave 
c« Surface wave 
3« Ionosphere 

4. An area «ihere no usable signal can be received fron a given transoiltter operating 
at a given fi'equency 

Work unit 2-3. 

K Little 

2. The region 

3. The ionization (fenslty of earh region within the Ionosphere 

4. a. '•£*' layer 
b. -F** layer 

5« The highest ft'equeno^ at Which waves sent vertically upward are reflected directly 
back to earth 

work Unit 2-4. 

K The highest fi'equenQ^ for «ih1ch a radio wave will reflect fi'eii an Ionospheric 

layer for a alven elevation or propagation path 
Z. The wave will penetrate the layer and escape into space* 
3. A frequency at «ihlch the transnl tted/recelved signal Just overrides the level of 

atiospherlc and other radio no1$es« allowing the signal/lntalllgence to be 

ifiderstood at the receiver. 

work Unit 2-5. 

1. The periodic Increase and decrease of received radio strength 
Work unit 2-6. 

1. Ground wave 

2. a. Groifid wove 
b« Sky wave 

3. a. Groifid wave 
*». Sky wave 

4. Direct wave 

5. Direct wave 
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STUDY UNIT 3 



ANTENNAS 



STUDY UNIT OBJECTIVES: WITHOUT THE AID OF REFERENCES. YOU HILL IDENTIFY THE 
FUNCTIONS OF AN AHTENNA* THE COMPONENTS OF THE RADIAT/ON FIELD AND ANTENNA 
POLARIZATION. IN ADDITION. YOU WILL IDENTIFY THE POLARIZATION REQUIREtCHTS FOR 
VARIOUS FREQUENCIES AND THE ADVANTAGES AFFORDED WHEN IStNG EITHER VERTICAL OR 
HORIZONTAL POLARIZATION. YOU WILL ALSO IDENTIFY THE COWENTIONAL FI^D ANTENNAS 
USED WITHIN THE MARINE CORPS* AND SEVEN TYPES OF Fiao EXPEDIENT ANTENNAS. 
LASTLY. YOU WILL IDENTIFY THE VARIOUS TYPES OF TRANSMISSION LINES. AND STANDING 
WAVES. 



The study of antennas Is essential to a complete understanding of radio comnunlcatlon 
and other electronic systems. In such systems, energy In the form of radio or electromagnetic 
waves Is generated by electronic equipment and fed to an antenna by means of special 
transmission lines. The antenna radiates this energy at the speed of light. Receiving 
antennas placed In the path of the traveling wave, absorb part of this energy and send It to 
the receiving equipment by means of a transmission line. 

The ability to obtain successful connunlcatlon by means of radio waves depends chiefly 
on radio wave and the factors affecting Its successful propagation. 

Work t|n1t FUNCTIOftS OF AN ANTENNA AND ANTENNA RADIATION 

STATE THE FUNCTION OF A TRANSMIHING ANTENNA. 

STATE THE PURPOSE OF A RECEIVING ANTENNA. 

STATE WHICH FIELD IS RADIATED BEYOND THE TRANSHiniNG ANTENNA. 

NAME THE TWO FiaDS/COMPONEHTS WHICH HAKE UP THE RADIATION FIELD. 

NAME THE FIELD WHICH IS FORMED FROM THE ELECTRIC AND MAGNETIC COMPONENTS OF THE 
RADIATION FiaO. 

Functions of Antennas. The function of a transmitting antenna Is to convert the 
ouptput power delivered by a radio transmitter Into an electromagnetic field which radiates 
throu^ space. Therefore* the transmitting antenna converts energy having one form to energy 
having another fonn. The receiving antenna makes the energy conversion In the opposite 
direction. The function of the receiving antenna Is to convert the electromagnetic field that 
sweeps by It Into energy that Is delivered to a radio receiver. In transmitting* the antenna 
op^ators as the load for the transmitter; In receiving* It operates as the signal source for 
the receiver. 

Antenna Radiation. V/hen power Is delivered to an antenna* two fields are set up by 
the fluctuating energy: one Is the Induction field which associates with the stored energy and 
the other Is the radiation field which noves out Into space at nearly the speed of light. At 
the antenna* the Intensities of these fields are high and proportional to the amount of power 
delivered to the antenna. At a short distance from the antenna* and beyond* only the 
radiation field remains. This radiation field Is composed of an electric component and a 
magnetic component. 

The electric and magnetic fields (components) radiated from an antenna form the 
electromagnetic field* and this field Is responsible for the transmission and reception of 
electromagnetic energy throu^ free space. Thus* the radio wave may be described as a moving 
electromagnetic field having velocity in the direction of travel* and with components of 
electric Intensity and nagnttic Intensity arranged at right angles to each other (fig 3-^1). 
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F1c| 3*1. Components of electromagnetic waves. 

Antenna Radiation Patterns . The energy o* radio signals radiated by an antenna forms 
an electromagnetic rieid havinc| a definite pattern, depending on the type of antenna used. 
This radiation pattern is used to show both range and directional characteristics of an 
antenna. A vertical antenna theoretically radiates energy equally In all directions. In 
practice, however, the pattern Is usually distorted by nearby obstructions or terrain features. 

The full or solid radiation pattern Is a three-dimensional figure that looks somewhat 
like a doughnut, with a transnltting antenna In the center (fig 3-2). The top pattern in the 
flyure ^% a quarter-wave vertical antenna and the bottom pattern is a half-wave horizontal 
antenna a 1/2-wavelenqth above the ground. The general method of Illustrating a radiation 
pattern, however, 1$ by cross-section of the full pattern showing only one particular plane 
(fig 3-3). The top pattern of the figure 1$ a half-wave horizontal antenna a 1/4-wavelength 
above the ground and the iMttoffl pattern is a half-wave horizontal antenna, 1/2-wavelength 
above the ground. 




F1g 3'2. Solid radiation patterns from quarter-wave and half-wave antennas* 
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Fig 3-^3. Cross^sectlonal representation of radiation pattern In one plane. 

EXEKCISE: Answer the following questions and check your responses against those listed at 
the end of this study unit* 

K What Is the function of a transmitting antenna? 



2. What Is the purpose of a receiving antenna? 
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3. Which of the two fields set up by fluctuating energy Is radiated out Into space? 



4. The radiation field Is contposed of an component and 

a component. 

The electric and magnetic fields (components) radiated from an antenna, fdrm 
the field. 

Work Unit 3-2. ANTENNA POLARIZATION 

STATE HOU THE POLARIZATION OF A RAUIATEU WAVE IS DETERMINED. 

NAME THE TWO TYPES OF ANTENNA POLARUATIUN. 

STATE THE ANTENNA POLARISATION TU BE USEU WHEN WORKING WITH MEDIUM AND LOW 
FRtQUENCIES. 
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STATE WHY IT'S BETTER TO USE HORIZONTALLY POLARIZED ANTENNAS AT HIGH FREQUENCIES. 



STATE UHICH TYPE OF POLARIZATION TO BE USEO AT VERY-HIGH AND ULTRA-HiGH 
FREQUENCIES. 

GIVEN A LIST OF ADVANTAGES FOR THE VERTICAL AND HORIZONTAL POURtZATlDN AND A LIST 
OF THE TYPES OF ANTENNA POLARIZATION, WTCH EACH AIIVANTAGE WITH ITS APPROPRIATE 
ANTENNA POLARIZATION. 

Polarization . Polarization of a radiated wave i$ determined by the direction of the 
lines of force lujtlns up the electric field. If the lines of electric force are at right 
angles to the surface of the earth, the wave Is said to be vertically polarized (fig 3-4). If 
the lines of electric force are parallel to the surface of the earth, the wave is said to be 
horizontally polarized (fig 3-5). 

A single-Hire antenna 1$ used to extract energy from a passing radio wave, therefore 
maxinmn pickup results, if the antenna is so oriented, that it lies In the stm direction as 
the electric-field component. . Thus, a vertical antenna is used for efficient reception of 
vertically polarized waves and a horizontal antenna is used for the reception of horizontally 
polarized waves. In so«e cases, the field rotates as the wave travels through space. Under 
these conditions, both horizontal and vertical components of the field exist and the wave is 
said to have elliptical polarization. 




Fig 3-4. Vertically polarized signal. 
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Fig 3-5. Horizontally polarized signal. 

Polarization requirements for various frequencies . At medium and low frequencies^ ground-wave 
transnfsslon Is used extensively^ for this reason^ it is necessary to use vertical 
polarization. Vertical line<; of force are perpendicular to the ground^ and the radio wave can 
travel a considerable distance along the ground surface with a minimum amount of attenuation 
(loss). Because the earth acts as a fairly good conductor at low frequencies^ horizontal 
lines of fnrce are shorted out and the useful range with horizontal polarization Is limited. 

At high frequencies with sky-wave transmission^ it makes little difference whether 
horizontal or vertical polarization is used. The sky wave reflected by the Ionosphere^ 
arrtvus at the receiving antenna elliptically polarized. Therefore^ the transmitting and 
receiving antennas can be mounted eitlier horizontally or vertically. Horizontal antennas are 
preferred because they can be Made to radiate effectively at hitjh angles and have Inherent 
directional properties. 

With frequencies in the very-high or ultra-high range^ either horizontal or vertical 
polarisation is satisfactory. Since the radio wave travels directly from the transmitting 
antenna to the receiving antenna^ the original polarization produced at the transmitting 
antenna is maintained throughout the travel of the wave to the receiving antenna. Therefore^ 
if a horizontal ha1f*wave antenna is used for transmitting^ a horizontal antenna must be uSed 
for receiving. If a vertical half-wave antenna ts uSed for transmitting* a vertical antenna 
must be used for receiving. 

Advantage^ of Vertical Polarization . Simple^ vertict^t half-wave antennas can be used 
to proviJe omnf-directlonal comnun feat Ion which has the ability to coi.imjn1cate with a moving 
vehtchs When antenna heights are limited to 10 feet or less over 1and» as in vehicular 
installation^ vertical polarization provides a stronger received signal at frequencies up to 
about 00 riiz. From approximately 50 to 100 rtllz» there is only a slight inproventent over 
horizontal polarization with antennas at the same height. The difference in signal strength 
above 1100 MHZ is negligible. 
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For transmHsion over sea water* vertical pu1ari;at1on Is deruleciiy l^etLer than 
horizontal when antf^nnas are below approximately 300 feet dt Mil/. Voit would nnly need 50 
feet at tMW and still lower at the high frenuency. Therefoif^ an urdlmiry afit<*pma at mast 
heights* such 40 feet* vertical polarization is advantatjeous lor frf>quencltr» less than 
about 100 MHz. 

Radiation using vertical polarization is less dfff*cted by r«floctinris from aiii:raft 
flying over the transmission path. With horizontal |>^lari;ation» sip< h r?fh>ct1nn'i cmjse 
variations in the i^^elved signal strength. This fartur is Important ifi 'ocrttiuns whore 
aircraft traffic is heavy. 

With vertical polarization* less Interferetici^ io prodiue^J or [HLk**fi tjp because of 
strong VHf and UHf broadcast transmission and reception (television and frp^juency modulation)* 
all of which use horizontal polarization. This factor is Important when an antenna must be 
located in an urban area having several television and fm broadcast stations. 

Advantages of Hor i zontal Polarization. A simple horizontal half-wavp antenna \% 
bi-direct¥onal. This characterist^F Ts ureTul* if it is de^ihed to :nin1mue interference from 
Certain directions. 

Horizontal antennas are less apt to pick up man-made Interference* polarued 
vertically. 

When antennas are located near dense forest* horizontally t^olatlzed waves suffer lower 
losses than vertically polarized waves^ especially above aliout 100 MH;. 

Small changes in antenna location do not cause large variations In the field Intensity 
of horizontally polarized waves when antennas are located among trees or buildings. When 
vertical polarization is used* a chanqe of only a few feet In the ^inLf^nna location may have a 
considerable efft-ct on the received signal strength* This is the result of Interference 
patterns Hbich produce standing waves in space when spirrious reflections from trees or 
buildings occur. 

Since the interference patterns will vary even when thf> ft«>quoncy 1$ thcinqed by only a 
small amount* considerable distortion may occur when complex types of modulation ate used* as 
with television signals or with certain types of pulse-mndulation '.ystems. Under these 
conditions* horizontal polarization is preferred. 

When simple half*wave antennas are used* the transmission Mne, usually vertical^ Is 
less affected by a horizontally mounted antenna. By keeping the antenna at right ingles to 
the transmission line and using horizontal polarization* the line Is kept out of the direct 
field of the antenna. As a result* the radiation pattern and electrical characteristics of 
the ;*nten'a are practically unaffected by the presence of the vertical transmission line. 

Receiving Antennas . Vertical receiving antennas accept radio signals equally from all 
horizontal directions* just as vertical transmitting antennas radiate equally in all 
horizontal directions. Because of this characteristic* other stations operating on the same 
or adjacent frequencies may interfere with the desired signal and make reception difficult or 
impossible. However^ reception of a desired signal can be Improved by using directional 
antennas. 

Horizontal half-wave antennas accept radio signals fro.; all directions other than the 
two directions in direct line with the ends of the antenna. Thus* when only one signal is 
causing interference* or when several Int^iferinq signals are cnmlm) from the same direction* 
interference can he eliminated or reduced by changing the antenna installation so that either 
end of the antenna points directly at the interfering station. 

EXERCISE: Answer the following questions and check your responses against those listed at 
the end of this study unit. 

1. Mow is the polarization of a radiated wave determ1iit?d? 



?. What are the two types of antenna [pol^^ri^ation? 








3. What kind of ar.;:enna polarization should you use when working with low and medium 
frequencies? 



4. Vlhy Is It better to use horizontally polarized antennas e»t high frequencies? 



5. Which type($) of polarization should be used at very-high and u1tra*b1gh 
frequencies? 



Hatching : Column 1 (6 through 9) lists advantages of vertical and horizontal 
polarization* Column 2 (a and b) lists the two types of antenna polarization* 
tlatch the specific advantage In column 1 with that type of polarization which 
provides the advantage In column 2* M^lte your answers In the spaces provided* 

Column 1 Column 2 

Advantages of vertical and horizontal Types of antenna polarization 

polarization 

6* Useful In mlnlinlzlnfl Interference a* Vertical 

from certain directions 

b» Horizontal 

7* Useful when communicating 
rflth moving vehicles 

^^^^ C* is someKwhat less affected by air- 
craft flying over the transmission 
path 

9* Suffers lower losses when located near 
dense forests 

Work Unit 3-3. COWENTtONAL FtElD ANTENNAS 

DESCRIBE ANTENNA EQUtPHENT RC-292. 

DESCRtSE ANTENNA AS-2861/TR* 

STATE WHICH ANTEPNA SYSTEM CONSIST OF A COLLAPSIBLE FOLDING LOG PERIODIC ANTENNA 
StWED tN THE rORH OF A SQUARE. 

STATE WHICH ANTENNA SYSTEM IS DESIGNED TO PROVIDE SHORT-RANGE SKY-WAVE PROPAGATION* 

Antenna Equipment RC-292 (fig 3-6) Is an /*evate<l« wide band« modified ground plane 
antenna designed to operate with and Increase" .e o erating range (FH radios 50 to 200 
percent) of various radio sets* The antenna ^ v rtlcal radiating element* Three ground 
plane elements are Installed at a 142^ angle t th^- intenna (vertical elemmt) to act as a 
counterpoise (artificial ground). The lengths jf e elements can be preadjusted for best 
performance with each type of radio* The ante m \ elevated on a 30-foot sectional mast« 
Increasing the llne-of-slght distance to the ho» uon* It Is held In place by guy ropes and 
ground stakes nd Is connected to the radio by a 68^oot 50-ohm coaielal cable* This antenna 
equipment Is drilgned for hand or vehicular transportation* and when dlsassenibled Is packea In 
a canvas roll (CW-50/TRC-7)* 

The antenna requires no tuning In operation and provides a radiation pattern that Is 
omnl-dlrectlonal 1r the horl^eontal plane. However* the lengths of the antenna elements must 

preadjusted for the different frequency ranges of the radio set with which It Is being 
used* This ^s done by changing the number of mast sections In the antennas anJ ground plane 
elements. The swivel ground stake on which the mast Is supported makes It easy to lower the 
antenn'j and make the necessary changes* The RC*292*s overall frequency range Is from 20^75*95 
Wz. tt can be erected by two men tn approximately 15 minutes* Its maxlimim height Is 41 1/2 
ft and minimum height Is 37 ft* Its total weight Including spares Is 48 lbs* For more 
Information on the RC-292» see TH 11-5820-348-15 or KCI correspondence course number 25*30» 
VHF Field Radio Equipment . 
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f\9 3>6. Antenna equipment i\C-292. 

Antenna A$-?851/TR 

Description^ Physical and Functional . The Antenna AS-?851/TK (fig 3-7) Is a 
man-transportable tactical log periodic antenna which provides transmission nd reception 
capabilities over the 3C to 76 MHz frequency range. It can be assembled or disassembled by 
tMO men In less than 10 minutes. See table 3-1 for reference data. 
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Table 3-K Reference Data 



Power Handling Capability 


65 watts average 135 PEP 


Frequency Range 


30 to 76 mi 


Input Impedance 


50 ohms unbalanced 


VSUR 


2 to 1 maximum 


Forward Gain 


4db1 30 to 35 KHz 
i.5db1 35 to 76 tlHz 


Front to Back Ratio 


4db at 30 MHz 
7.5db at 50 HKz 
lOdb at 76 MHz 


Overall Height 


20 feet 


Operating Temperature Range 


-60° to 1500F 


Humidity limits 


to 95f 


Maxlimim Wind Survival 


60 knots no Ice 
16'-8'' 


Longest Element Tip to Tip 


Boom length 


6»-0" 


Weight 


Approx. 30 lb. 


Polarization 


Vertical or Horizontal 



a. Physical Description * The following paragraphs describe the major components of the 
AS-2851/Tk: ' 

(1) Antenna Array Assembly * The antenna array assentoly consists of a folding boom 
which supports a planar array of seven log periodic dipole elements* When 
collapsed and folded for storage* the antenna array asseni>ly fits Into a 
48*'1nch-1ong by 8-1nch*w1de space. A polarliatlon block and polarliatlon change 
rope permit the poTarliatlon of the antenna to be changed without Towering or 
disassembling the mast* 

(2) tiast AssertbTy . The mast assembly consists of six separate mast sections which 
support the antenna array assefi61y at its fully extended height of 20 feet* The 
upper metal mast section contains a collar bt^rlng for attachment of the guy cable 
assembly* The upper two mast sections are constructed of fiberglass to prevent 
distortion of the antenna radiation pattern* 

(3) Hast Base Assembly * The mast base assembly consists of a metal plate with a 
hinged mast case clamp to permit the mast to be assembled horl2ontal1y and tilted 
up Into position* Two wing nuts on the base clamp permit azimuth adjustment* A 
metal tab Is provided for attachment of the polarization c.iange rope* 

(4) Guy Ring Assembly * This assembly consists of a guy ring* three dielectric rope 
guy lines and tensioning devices of sufficient strength to hold the antenna 
upright In a 60-knot wind* 

(5) Antenna fluy Hold*downs * Five metal spike-shaped stakes* approximately 9 Inches 
long* are provided to anchor the base plate and three guy lines* 

(6) Harrer * A snail machinist's type hammer with approximately 1-pound head weight Is 
provided* 

(7) Cable Assembly * The cable asseirtbly consists of 75 fe^t of RG-58C/U coaxial cable 
terminated with UG-88 B/U connectors on each end* A strain relief snap on the 
upper end of the cab^e attaches to the antenna boom to eliminate strain on the 
connector caused by the weight of the dangling cable* 

(8) Antenna Case * AH components of the AS-2851/TR are packed In a rollout type 
canvas case with straps to position components securely* A weatherproof pictorial 
operating and asser*ly instruction plate Is affixed to the Inside of the case* 

b* Functional Descriptio n* This antenna Is employed as a Mrectlonal* lightweight* 
man-transportabie antenna for~*use with tactical VHF FM radio equipment* It Is a component of 
the Radi. Terminal Set A(I/TRC-166* 
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For more Information on the AS-?851/TR* see TM-0 7 505A-14 or HCI correspondence course 
nuniber ?5.31» VHF Multichannel Radio Equlpront . 

Antenna Systeti AS-2236/aRC 

The AS-223$/GRC Antenna System (fig 3-8) Is a portable* easily assembled unit which 
provides transmission and reception capabilities over the 30 KHz to 76 KHz frequency range* 
The system consists of a collapsible folding log periodic antenna shaped in the form of a 
square* an RG*dA/U 53 ohm RF cable assenbly* a tripod assembly, six metallic mast sections* 
two dielectric mast sections, a guying assembly* nine stakes, and a hammer* packaged In three 
separate canvas carrying bags* Assembly of the system Is accomplished by two men In less than 
10 Minutes under variable terratn and soil conditions. Built primarily for point to point 
coirniunlcatlon* the antenna receives maximum strength signals at Its front while signals 
received at the sides or the back are diminished* This directional characteristic Is used to 
Increase signal strength of a desired station while reducing signal stength of possible 
Interfering stations. Azimuth direction of the antenna may be changed without moving the 
tripod legs or guy lines. In addition, the antenna may be mounted on the mast In either the 
horizontal or the vertl^l position* thereby providing a choice of polarization. 



Table 3-?. The Reference Data for the Antenna System AS-2236/GRC 



packaging Dimensions 



Three packs, each 48 Inches long Max. 
Three packs* eat^* 35 pounds Hax. 



System Uel^t 



Erected Ile1<^t 



35-feet Hax. 



Assembly Time 



Ten minutes Max. (two men). 



Max. Hind Speed 



60 knots (guy lines secured and tensloned). 



Frequency Range 



30 MHz to 76 IIHz 



Polarization 



Vertical or Horizontal 



Max. Power 



65 watts CW. 



45 

3-1? 



For more Information on the Antenna System AS-2236/6RC, see TH*06728A*T5 or NCI 
correspondence course number 25.31, VHF Multichannel Radio Equipment * 



Antenna AS*?2S9/6R 

The AS-22S9/GR Manpack HF Antenna (fig 3-9) Is essentially a dipcte antenna fed with a 
low*1oss, foam-dielectric, coaxial mast that also serves as a support structure* The dipole 
system uses a set of crossed sloping dipoles positioned at right angles to each other* 
Physically the antenna consists of eight lightweight coaxial mast sections and four radiating 
elements that also serve as guys* The antenna Is transported In a canvas pack similar to a 
tool roll* The total packed weight of the antenna Is 14*7 pounds* Erection Is accomplished 
by two men In S minutes without the use of any tools* 

The AS-2259/GR antenna Is designed to provide high-angle radiation (near vertical 
Incidence) to permit short-range skywave propagation over communication circuits varying from 
0 to 300 miles* The AS-;!259/GR may be used with tactical HF radios that tune a 15*foot whip 
antenna, such as the AFI/PRC-47* The frequency range of the antenna 1s 2*0 to 30*0 tlHz and 
maximum RF power capacity Is 1000 watts pep, or average. 

leading particulars and summary of equipment for the AS-2259/GR are listed In tables 
3-3 and 3*4* Personnel should become thorrighly familiar with data and procedures contained 
In the entire Instntctlon manual before working on or using the antenna* 

For more Information on the Antenna AS-2259/CiR, see TM-07508A-14 or MCI correspondence 
course nurtber 25*32, HF/UHF Field Radio Equipment * 
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Table 3-3. Leading Particulars 



ITEH 



LEADING PARTICULA'^S 



Electrical Characteristics: 
Frequency range 
Polarization 
RF power capacity 
Input Inipedance 

Radiation pattern 

AzlMith 

Elevation 
Gain: 

Physical Characteristics 
Wind and ice 
Height erected 
Land area required 
Erection tine 
Packed weight 



2.0 to 30.0 MHz 

Horizontal and vertical simultaneously. 

1000 watts pep or average. 

Conq)at1b1e with output of radios using 
1S*foot whips, such as the AK/PRC-47. 

OMnldlrectlonaK 

Near vertical Incidence. 

Simitar to a dipole nounted horizontally, 
10 feet above sane type ground. 

Survives 60 nph wind with no Ice. 

IS feet. 

60 by 60 feet. 

Two men, S minutes; one man IS minutes. 
Less than 14.7 pounds. 
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Table 3-4. Sunmary of Equipment 



MILITARY 
TYPE NO. 



DESCRIPTION OF EQUIPMENT 



AS-2259/r,R 



An antenna vfhich may be used directly with 
HF iMnpack radios that tune a IS-foot whip 
antenna, such as the AN/PRC-47. The 
antenna Is rated at 1000 watts pep or 
average RF power. 



HX-9313/GR 



An adattt«r fitting for mounting the antenna 
on vehicles or shelters equipped with HF 
radios. Adapts Antenna A$-2?59/GR to the 
AN/TRC-75. AN/t1RC-83, AN/t1RC-87. AN/TSC-15, 
and similar radios employing 1-lnch 3 
threads per Inch whip bases and automatic 
couplers. 



EXERCISE: Answer the following questions and check your responses against those listed at 
the end of this study unit. 

t. Oescrlbe antenna equipment RC-292. 



?. Oescrlbe antenna AS-2351/TR. 



3. Which antenna system consists of a collapsible folding log periodic antenna shaped 
In the form of a square? 



4. Which antenna system Is designed to provide short-range skywave propagation? 



Work Unit 3-4. FIELO EXPEOIENT ANTENNAS 



RIVEN A LIST OF THE VARIOUS FIELO EXPEOIENT ANTENNAS WITH ILLUSTRATIONS. flATCH 
EACH ANTENNA WITH THE APPROPRIATE ILLUSTRATION. 

STATE ItOU THE LONG MIRE ANTENNA'S BEST PERFORtlANCE IS OBTAINEO. 

STATE WHAT HAPPENS TO A HALF-RHOMBIC ANTENNA WHEN TERMINATED IN A RESISTOR. 

STATE THE LENGTH FOR WHICH THE VERTICAL ANO GROUNO PLANE ELD1ENTS FOR AN EXPEOIENT 
GROUNO PLANE ANTENNA SHOULO BE CUT. 
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Half-Wave Olpole 



The half-wave rilpole antenna (fig 3-10) consists of two conductors* each a 
quarter-wavelength separated In the middle by an Insulator. The feed lines are connected to 
the two separated conductors. The antenna Is then supported alonQ a straight line by means cf 
ropes tied to either end of the antenna along with supporting structures such as buildings* 
trees* poles* etc. Current Is maximum at the center and minimum at the ends. Voltage Is 
maximum at the ends and minlmuin at the center. 




Fig 3-10. Horizontal dipole. 

The hatf-wave dipole antenna can be mounted In either a vertical* horizontal or 
slanting position. Its radiation pattern Is pictured In figure 3-11* Where the antenna shown 
Is positioned vertically. Maximum radiation Is perpendicular to the Antenna axis. Since 
there Is no radiation from the ends of the antenna* for this reason* a flgure-8 pattern Is 
prest^nt In the vertical plane. Thus* the antenna Is bi-directional In the vertical plane. As 
shown* radiation Is constant In any direction In the horizontal plane. Mounting the antenna 
horizontally would reverse the pattern Illustrated In figure 3-11. 
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Fig 3^11. Radiation pattern of a dipole (half-wave) antenna. 



Formula for actual construction Is shown In appendix I. 
Two-Element Yagl 

This configuration may be naf to most coiiiminlcators. As seen In figure 3-^12^ It 
consists of a reflecting element (a single wire) mounted 1/4-wave1ength behind a dipole 
antenna. This addition will substantially Increase the gain and make the antenna more 
directional. 




Fig 3-12. Two-^element yagl. 
Construction for the two element yagl Is shown In appendix 1. 
Long Uire Antenna 

Long wire antennas (fig 3-13) are long single wires supen<ted 1/2-wave1ength above the 
ground and consist of an order of ?^ wavelengths lon^. Long wire antennas have two basic 
advantages over othf'r antennas. These advantages are Increased $a1n and directivity. 
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Fig 3-13* long wire antennas. 

Best performance Is obtained by directing a major lobe towards the Intended receiver 
(fig 3-14)* 




piANvmr 
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Fig 3-14* Radiation pattern of the long wire antenna* 

This Is easily accofopllshed by aligning the antenna with an azimuth to the outstatfon and 
adding or subtracting the wave anale (fig 3-14)* A different wave angle Is associated with 
each length of antenna (table 3*^5}* 



Table 3-5* Offset Angle (A) Long Wire Antennas 





WIRE LENGTH (I) 
(Meters) 


Height (H) 
(Heters) 


Freq- 

imt) 


10 


20 


40 


60 


150 




10 






430 


270 


160 


30.0 


12 




550 


380 


230 


130 


25.0 


14 




510 


350 


210 




21.4 


16 




490 


310 


190 




18.7 


18 




470 


290 


170 




16.7 


20 




430 


270 


160 




15.0 


24 


550 


380 


230 






12.5 


30 


50 


330 


200 






10.0 
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Because of Its high gain and the low elevation angle of Its mdin radiation 1obe« the 
long horizontal wire antenna Is one of the sliqpUst antennas to erect* 

The long wire antenna Is capable of spanning distances In excess of 100 km and Is one 
of the most practical antennas for use against jaimlng. The long wire antennr Is 
b1**d1rect1ona1 to un1-d1rect1ona] construction of the long wire antenna Is shown In appendix I* 

Ha1f*rhoffb1c Antenna 

The half ^rhombic antenna (fig i^M) Is a terminated vertical antenna which resembles a 
obtuse*ang1e V antenna. With the ha1f*rhOfflb1c antenna* an unbalanced transmission line and a 
ground or counterpoise Is used* As a result* a vertically polarized radio wave Is produced 
and the antenna Is bl-dlrectlona]* The antenna can be made to be un1*dVect1ona1 by 
connecting a resistor of about $00 ohms between the far end of the antenna and the ground* 




ng 3*1$* Ha1f*rhoiib1c antenna* 

The typical military half^rhomblc ar.enna consists of a 100*foot antenna wire erected 
over a single 30*foot wooden m^st at- an SS^foot counterpoise wire placed under the antenna 
about one foot off the ground and attached to both ends of the antenna. See appendix I for 
construction. 

Sloping V Antenna 

The sloping V antenna (fig 3*16) consists of <lownwar(; sloping long wires arranged to 
form a **V^ and Is fed with current of opposite polarity* MV/Or lobes from each wire combine 
In such a way that maxlowm radiation occurs In the direction of a lobe that bisects the angle 
of the legs* The pattern Is basically bi-directional along the lines bisecting the angle* 
producing primarily shy waves* 

The greater the leg length* the greater effect of gain and directivity of the 
antenna. The gain (Increase In effective power or performance) of a **V" antenna Is almost 
double that of a single long wire* since the radiation from the lobes of two waves (legs) 
combine* 

for maximum use of a ^V* antenna* the legs should be cut to three wave lengths at the 
center freqiiency of the desired band with an apex angle of S$ degrees* The antenna can be 
made more directional by terminating the Individual Tegs with a non*1nduct1ve resistor of 
about 500 ohms* See appendix t for construction. 
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Fig 3-16. Sloping "V" antenna. 



V<jrt1ca1 »/4-wdve whip antenna 

The vertical whip antenna is the most widely used omnl-dlrectlonal antenna found In 
the military. The tactical cocr^nlcator Is most familiar with the whip antenna used on 
vehicles, and the ground plane antenna which Is usually mounted on masts or other structures. 

The expedient vertical 1/4-wave whip antenna (fig 3-17) Is a single bare or Insulated 
wlfd held vertically by a means of support and connected to the antenna connector on the face 
of the radio. The vertical whip Is omnl-(all) directional* anci Its efficiency Is related to 
the transmitting frequency and antenna height. At lower frequency* its efficiency Is very 
low, but as the frequency Increases Its efficiency also Increases. Antenna height can be 
helped by placing the antenna on top of a hill or by fastening It to a pole or tree to 
Increase Its height above surrounding terrain 01 structur s. 
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Fl9 3-^17. Vertical whip antenna* 

See appendix I for construction examples. 

Field Expedient Ground Plane Antennas 

Fteld expedient versions of the Issue KC^292 operates at frequencies above 20 MHz* 
They are either pole supported or tree hung (fig 3^18). Their radiation pattern is 
omnl-^dtrectiona)* The vertical and ground plane elements are cut for a IM^wave* the ground 
plane elements should be at 45-degree angles* Insulators are used to separate vertical 
elements from the ground plane elements* 
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EXERCISE: Answer the following questions and check your responses against those listed at 
the end of this stu4y unit* 

Matching : From the following Illustrations (a through g)» match the various field 

expedient antennas* Place the correct letter of the Illustration In the spaces 
provided* 

Column 1 Column ? 

Field expedient antennas Illustrations 

1* Half-wave dipole 

?* Lone Wire 

3* Sloping V 

Vertical 1/4-wave whip 

5* Two-element yagl 

6* Half rhombic 

7, Ground plane 
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8. How can the long wire antenna best performance be obtained? 



9. What happens to a half-rhombic antenna terminated In a resistor? 



10. Mhat length should the vertical and ground plane elements for an expedient ground 
plane antenna be cut? 

Work Unit 3-5. TRANSMISSION LINES 

DEFINE TRANSMISSION LINE. 

0ESCRI8E STANDING WAVES. 

GIVEN THE TYPES OF TRANSMISSIONS, HATCH EACH TRANSMISSION WITH THE APPROPRIATE 
ILLUSTRATION. 

STATE THE AOVANTAGES IN USING A TWISTED PAIR TRANSMISSION LINE. 
STATE ONE DISADVANTAGE IN USING A TWISTED PAIR TRANSMISSION LINE. 
STATE ONE ADVANTAGE IN USING A SHIELDED PAIR TRANSMISSION LINE. 
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Transmission lines 

A transmtsslon line Is a conductor that transfers radio frequency (Rf) energy from the 
transmitter to the antenna or from the antenna to the receiver* 

Transmission lines fall Into two main categories; balanced and unbalanced lines. The 
terms balanced and unbalanced describe the relationship between transmission ^Ine conductors 
>nd the earth* The balanced line Is composed of two Identical conductors* u^aally circular 
w1res« separated by air or an Insulating naterlaU The voltage between each conductor and 
ground* produced by an RF wave as It moves down a balanced 11ne« are equal and opposite; 1*e*« 
at the moment one of the conductors supports a positive voltage with respect to ground* the 
other supports a negative voltage of equal magnitude* Some balanced transmission Tines carry 
a third conductor; sovnetlmes In the form of a braided shield which acts as a ground* 
Unbalanced Tines are usualTy seen In the form of an open sIngTe wire line or coaxial cabTe. 
The unbalanced Tine can be Imglned as Just one half of a balanced line* ExampTe of baTanced 
and unbaTanced lines are shown In figure 3-T9* 

Standing Waves 

A standing wave Is a motionless wave on an antenna accompTlshed by an Impedance 
mismatch* lAien an tnpedance mismatch occurs In an antenna system* voTtage and current Is 
refTected back down the transmission Tine to the transmitter* This causes a power Toss and 
resuTts in poor antenna efficiency* 

Circuits that contain capacitance or Inductance and operate at some frequency have 
Impedance (Impedance describes the nature and size of whatever Impedes the fTow of current and 
wave)* Impedance Tike resistance uses ohms as Its unit of measure but cannot be measured with 
an ordinary ohmmeter* 

The impedance of an antenna at the point where the Tead*1n (calTed a feed Tine or 
transmission line) is attached Is called the antenna Input Impedance* For maximum efficiency* 
an antenna must be the proper length for the frequency at which It operates* Just as 
Important* the characteristic Impedance or Impedance of the transmission line and the antenna 
Input impedance must match* If a mismatch occurs anywhere in the antenna system* standing 
waves wITI result* Eiqually Important as the Impedance of the feed line matching the antenna* 
the output Impedance of the transmitter must also match the Impedance of the feedTlne* 

tlost military transmitters provide SO^ohm Impedance at the antenna output* Host 
expedient haTf-wave antennas have approximately 70-ohm Impedance* By matching the 
transmission Tine to the transmltf^ with a SO*ohm line* we have a 20-ohm difference at the 
antenna* or by matching the transmission line to the antenna with a 70*ohm Tine we would have 
a 20*ohm difference at the transmitter* The mismatch at the transmitter end or the antenna 
end* produces What we refer to as a standing wave ratto tSUR)* Ulth a 70*ohm to 50*ohm 
ration* we find that we have a 1*4 to 1 SUR (this Is found by dividing 70*0 ohms by SO ohms)* 
With our HF equipment* It Is recommended that you 00 NOT operate a system with a mismatch* or 
SWR greater than 1*S to T* 

Types of transmission Tines 

(T) ParaTTeT two'Wire Tine * The paralTeT two-wire Tine (fig 3-20) consists of two 
paralier conductors separated by Insulators or spreaders at various Intervals* It 
Is avalTabTe In two types; spreader bar and twin lead. The spreader bar type uses 
ceramic or poTystyr'ine bars as spacers between the two conductors* The Impedance 
for this type of T1ne Is from S0*700 ohms* The twin Tead consists of two 
conductors that are molded Into a low-Toss poTyethyTene pTastIc* It's avalTable 
in Impedances ranging from 75 to 300 ohms* 

(2) Twisted pair * The twisted pair transmission Tine (fig 3-20) consists of two 
insulated conductors twisted together* Two features of the twisting are: hoTdIng 
the Tine together and canceTTIng out the effects of nearby magnetic/electric 
fieTds* The Impedance Is generalTy 70 to TOO ohms* The advantages to this type 
of Tine are ease of construction and readily accessible material* The 
disadvantages of the twisted pair transmission Tines are; some RF loss In 
transmission Tine power* extreme care must be taken when using this type of 
transmission ' te with of HF or h1^ powered equipment In order to prevent shock 
hazard and ^ <fnsure that the wire used Is capabTe of handling the transmitter 
power* and the Impedance difference between tne transmitter and the line at 20 to 
50 ohms* 
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(3) Shielded pair transwlsslon Hne > The shielded pair (fig 3-20) consists of two 
conductors separeted end surrounded by insulation mteriel* The insulation 
material is then covered with a flexible copper braid that acts as a shield. The 
shield is then coated with rubber or a similar mterial to protect it against 
moisture and friction. Because of the shield* the line is not affected by nearby 
electric or magnetic fields. The advantages of shielded pair transmission lines 
are: the conductors balanced to ground and the capacitance between the cable i$ 
uniform throu^out the length of the line. This balance is due to the grounded 
shield that surrounds the conductor with a uniform spacino along the entire 
length. The copper braid shield isolates the conductors from stray magnetic 
fields. 

(4) Coaxial transmission lines . The coaxial transmission line (fig 3-20) consists of 
two conductors* one of wnich is hollow. The other is centered inside the hollow 
conductor to provide uniform characteristics throu^out the cable. The center 
conductor is surrounded by a polyethylene plastic. The i>ater conductor is a 
flexible copper braid. This type of cable has extremely low losses at high 
freqt!encie';i it is very desirable for ceimminication application. The advantages 
of the coaxial cable are: ease of construction* readily accessible material* 
minimi shock hazard if constructed properly* it is waterproof and has minimal RF 
loss at operating frequency. The disadvantage is the cost of the cable. 



Table 3^. Types of Coaxial Transmission Line 



R6-8/U 


S3ohn - 


Zkv 


R6-S8/U 


S3ohn - 


430w 


R6-213/U 


S3olwi - 


Zkv 


RG-S9/U 


73ohm - 


680w 


R6-11/U 


7Sohn • 


1.4kN 




SMtCLDED 1 JHC 



MtAKCEO TMHWmaiON UNC8 



ooiDUCTDio omotmo 




OKN eiNQUE WIRE UNB 
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UNMlAHCCDHtANSMttSIOH UNC 

Fig 3-19. Balanced and unbalanced transmission lines. 
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CABU WTTH MSHCK 

INSUtATOR '^V^ 

WIRE INNER CONDUCTOR 



POtYETHaYINE 



PARAlllSL Tiro-vrittfi 



COAXIAL CABLE 





I RUBBER COVER 
BRAIDED COPPER SHiaO 
TWO WIRES INSULATION 
T«l6TfiO PAIR eMELOEO PAIR 

Fig 3*20* Four general types of transmission line* 

EXERCISE: Answer the following questions and check your responses against those listed at the 
end of this study unit* 

It Define transmission line* 



2« What are standing waves? 



Hatching : FroiN the following Illustrations (a through d)« match the four types of 
transmission lines* Place the correct letter of the Illustration In the spaces 
provided* 



Colum 1 

Types of transmissions 

3 * Shielded pair 

4* Twisted palt 

Parallel two*w1re 

'6* Coaxial cable 



Column 
Illustrations 



7. What are the advantages In using a twisted pair transmission line? 
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One disadvantage 1n using a twisted pair transplsslon line Is 



9. One advantage In using a shielded pair transmission line Is 



SUMMARY REVIEW 

In this study unlt^ you have learned about the functions of an antenna. You have 
learned about antenna polarization^ the polarization requlrenients of various frequencies and 
about the conventional field antennas used within the Marine Corps. You have also learned 
several types of field expedient antennas and several types of transmission lines that can be 
used to feed these antennas. 

Answers to Study Unit #3 Exercises 

Woric Unit 3-1. 

1. To convert the output power delivered by a radio transmitter Into an 

electromagnetic field that Is radiated through space 
7. To convert the electromagnetic field that sweeps by It Into energy that Is 

delivered to a radio receiver 

3. Radiation field 

4. electric* magnetic 

5. electromagnetic 

Work Unit 3-2. 

1. Ry the direction of the lines of force matcing up the electric field 

a. Vertical 

b. Horizontal 

3. Vertical 

4. They can be nade to radiate effectively at hloh angles and have Inherent 
directional properties 

Vertical or horizontal 
f). b 
7. a 
B. a 

9. b 

Work Unit 3-3. 

1. An elevated* wide band* modified ground plane antenna 
A man-transportable tactical log periodic antenna 

3. AS-?235/GRC 

4. AS-2259/GR 

Uork Unit 3-4. 

1. 4 
a 

3. b 

4. r 

5. e 

F). By directing a major lobe towards the Intended receiver 

V. Us bocomes un1-d1rect1onal 

10. One f^uarter (1/4) wave 
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Uorlt Unit 3-5* 



1* A coFKluctor that transfers radio frequency (RF) energy from the transmitter to the 

antenna or from the antenna to the receiver 

A motionless wave on an antenna 
J. d 
4. b 

a 

6* c 

7. Ease of construction and readily accessible material 

8* some RF loss tn transmission line power* or care must be taken when us1n9 this 

type of line with tIF or high powered equipment 
9. the conductor balanced to ground 
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MIL sti tnion m\) A^rimiA groundiiig 

STUDY UNIT ODJECIIVE: UIIHOUT THE AIO UF REFERENCES, YOU WILL IDENTIFY THE 
TECHNICAL AND TACTICAL REQUIRIMENTS OF SITE SELECTION. YUU WILL ALSO IDENTIFY 
VARIOUS ELECTRONIC COUHTER-COUNTERt€A^URES PRECAUTIONS THAT CAN 6E TAKEN WHEN 
SELECTING AN AriirNHA SITR. LASTLY, YOU WILL IDENTIFY VARIOUS TYPES OF GROUNDING 
DEVICES. 

Two factors play an iniiortant rol^ in equipnent siting: optlmutn cofmunlcatlons and 
camouflage. Unfortunately, it is ^elrlom fiosslble to locate your equipment* In order to 
connunlcate well and yet be hidden from eneny view, fire, or direction finding. 

Fron a communications point of vi 'W, the ideal location for a radio antenna is as far away 
from cover as possible such as a bar niountaintop or out in the middle of a large field. 
Obviously, this does not agree with the conmander^s requirement to be hidden from view as much 
as possible; therefore, planning the location of equipment oust be detailed to achieve the 
best results. Because you can not always obtain the best locations for your antenna sltes^ 
antenna grounding Is also an important factor to consider. Probably the most frequent cause 
of a weak s gnal, especially iiF signals, is poor grounding. You can easily cut your 
communication distance in half by not grounding the antenna. Another Inportant factor to 
remember about ungrounded high powered transmitters Is getting shocked^ badly burned* or 
killed. 

Work Unit 4-1. REQUIREflEHlS FOR SITE SELfCTlON 

GIVEN A LIST OF SEVERAL FACTORS FOR ANTENNA SITE SELECTION AND A LIST OF THE TYPES 
OF CATEGORIES THESE FACTORS FALL UNDER. HATCH THE FACTOR WITH THE APPROPRIATE 
CATEGORY. 

The choice of an antenna site will depend on the nature of the local intervening 
terrain and the tactical sit' ation. Planning should always be preceded by a careful study or 
terrain maps and whenever possible, by reconnaissance in order to obtain detailed Infonuitlon 
concerning the availability, accessibility, and size of desirable sites. 

Technical Factors . Factors to be considered will depend on the type of equipment used a*id 
the tacticaT sltuatfon. 

a* Location . A radio station must be located in a position that will ensure 
conmunication with all other stations with which It is to operate. To obtain efficient 
transmission and reception, the following factors should be considered: 

(1) Hills and mountains between stations normally limit the range of radio sats. 
In mountainous or hilly terrain, positions relatively high on the slopes (fig 
4-1] should be selected. Locations at the base of a cliff or in a deef^ ravine 
or valley should be avoided. For operation at frequencies abave 30 flH2« a 
location that will give 1 1ne-of-sight communication should be selected 
whenever possible. 

iZ] Pry ground has resistance and limits the range of the radio set. If possible* 
the station should be located near moist ground* which has much less 
resistance. Uater^ and in particular salt water* will greatly Increase the 
distances that can be covered. 

(3) Trees with heavy foliage absorb radio viaves* and leafy trees have a more 
adverse effect than evergreens. The antenna should be kept clear of a11 
foliage and dense brush. 

b . tlan*mad e obstrucU oris 

{1) A position in a tunnel or benoath an underpass or steel bridge (fig 4-1) 

should not be selecteti. 1ran*>mjssion and reception under these conditions are 
almost Tnpossible because of hifjti absorption of l*F waves. 
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{?.) Bulldlr^gs located between radio stations* particularly steel and reinforced 
concrete structures* hinder transmission and reception. 



(3) All types of pole wire lines* such as telephone* telegraph* and hlgh-^tenslon 
power lines* should be avoided In selecting a site for a radio station. Such 
wire lines absorb power from radiating antennas located In their vicinity. 
They also Introduce hum and noise Interference In receiving antennas. 

(4) Positions adjacent to heevlly traveled roads and MgKways should be avoided. 
In ad'tltlon to the noise and confusion caused by tanks and trucks* Ignition 
systems In these vehicles may cause electrical Interference. 

(5) 8attery*charg1ng units and generators should not be located close to the radio 
station. 

(6) Radio stations should not be located close to each other. 

(7) Radio stations should be located In relatively i^ulet areas. Copying weak 
signals requires great concentration by the operator* and his attention should 
not be diverted by extraneous noises. 
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factlca) Factors 



'?^^!. commdnd requirements . Radio stations should be located some distance frofli 
the unit headquarters or command post that they serve. Thus* long*range enemy artlUery fire, 
missiles, or aerial bontardment, directed at the stations as a result of eneny direction 
finding* will not strike the command post area. 

b. Cover and concealment . The locations selected should provide the best cover and 
concealment Possible* consistent with good transmission and reception. Perfect cover and 
concealment may Impair transmission and reception. The amount of permissible Impairment 
depends on the range required^ the power of the transmitter* the sensitivity of the receiver^ 
the efficiency of the antenna systm^ and the nature of the terrain. When a set Is being used 
to communicate over a distance that Is well under the maximum range* some sacrifice of 
communication efficiency can be made to permit better concealment of the set from enemy 
observation. 

Practical Considerations 

a. Pack sets have sufficiently long cordage to permit operation from cover* While the 
radio set Is beloM the surface of the surrounding terrain and the antenna Is in the clear. 

h. Some ?iets can be controlled remotely from distances of 100 feet or more. Sets of 
this type can be set up In a relatively exposed position, While the operator remains concealed. 

c. Antennas cf all radio sets must extend above the surface of the ground to permit 
normal communications. 

d. Small tactical set antennas are usually of the whip type. These antennas are 
difficult to see from a distance* especially If they are not silhouetted against the sky. 

e. Open crests of hills and mountains must be avoided. A slightly defiladed position 
just behind the crest gives better concealment and sometimes provides better transmission. 

f. All permanent and semipermanent positions shnuld be properly camouflaged for 
Protection against both aerial and ground observation. However, the antenna should not touch 
trees^ brush* or camouflage material. 

Local communications . Contact must be maintained between the radio set and the message 
center at all ' lmes» either by local messenger or field telephone. The station should also be 
readily accessible to the unit commander and his staff. 

Final considerations . It is almost impossible to selpct a radio site that will satisfy 
all technical and tactical requirements . Therefore, a rompromise is usually necessary, and 
the best site available is selected. It is also a good idea to select both a primary and an 
alternate site. Then« if radio communication cannot be established at the primary location* 
the set can be moved a short distance to the alternate position. 

EXERCISE: Answer the following questions and check your responses against those listed at 
the end of this study unit. 

Matching : Column 1 (items 1-5) lists several factors for antenna site selection. 
Column 2 (a and b) lists the types of categories these factors fall under (either 
technical or tactical). Match the factor in column 1 with its specific category 
in column Write your answers in the spaces Provided. 

Cnlumn 1 Column 2 

Factors Type of Category 

1. Local command requirements a* Technical 

?. Location b. Tactical 

3* Man-made obstructions 

Cover and cnncealment 

5* Practical considerations 
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Work Unit 4-2. ELECTRONIC WARFARE ANTENNA SITING 



DEFINE ANTENNA HASKING. 

NAME ONE ADVANTAGE OF USING blHECflONAt HOKI/ONTAILV POLARIZED ANTENNAS IN AN EW 
ENVIRONfCNT. 

A ntftnna Marking 

Antenna maskinq (fig 4-?) Is thf! technique of hldinq radfo slqnals behind terrain. It 
Is an Inexpensive way to confuse RDF f!fforts. VHf radio waves bend; they are fleeted by 
bulldlnqs and mountains^ and absorbed by trees. When this happens* 1t Is difficult to 
determine the original direction from which the wave was transmitted, but the ability to hear 
the signal Is minimally affected. A radio operator can advantageously use this principle by 
attempting to place terrain obstacles between the transmitter and the FE6A. while affording an 
unblocked path to the Intended receivers. H11U, lakes* and dense forest also provide terrain 
ohstacles. Antenna masking also occurs whf!n antennas are positioned on the back slopes of 
hills. A radio operator should also erect antennas as low as adequate communications permit* 
and* In all cases, antennas should be camouflaqe^ to blerrd with terrain. 




Fiq 4*2. Antenna maskinq. 

Antenna dispersion 

Antennas must be dispersed so that a11 of the radiations are not coming from one 
central antenna form. Terrain analysis can show us antenna locations which provide natural 
masking from the enemy. We need to plan for a<; many alternate locations as possible. This 
terrain analysis can be aided with the use of the services of the Electro-magnetic 
Compatibility Analysis Center (ECAC) see appendix II. 

Use Directional Itorlzontally Polarised A ntetm n ^ 

For versatility, the omni-df rectinrial Vftt. ical ly pularUed antenna Is best. The 
flexibility provided by omnl-directioii.il antGrmj\ is imprvt^mt to the commander during the 
attack* when It Is difficult to maintain cnm^r.t ortrnt it ion for horizontally polarized 
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directional antenras. Vertically polarized omnl-dlrectlonal antennas are required for 
communications between moving vehicles. However* when ECCM Is considered* the 
omnt-dtrecttofiAl antenna has one chtef disadvantage* -danger. Omn1*d1rect1onal antenna signals 
travel *n a 360-degree radius and usually well across the FEBA where they are susceptible to 
Interception and RDF. Horizontally polarized directional antennas should be considered for 
lateral connunlcatlons whenever possible. 

Enemy forces primarily use Adcock and vertical loop RDF antennas which are designed for 
optimum performance wheti receiving vertically polarized radio waves. A horizontally polarized 
transmitting VHF antenna will radiate a pre<fofn1nant1y horizontally polarized wave from ten to 
forty kilometers from the transmitter. horizontally polarized wave will create some 
bearing error In an Adcock antenna* and a very large error In a vertical loop antenna. This 
m.^v cause an error n much five times greater than the usual operational error (about 20 

ees)* creating unusable RDF bearings. It Is Impossible for an RDF operator to continually 
^ujust tactical ground-operated RDF equipment* particularly Adcock antennasi to compensate for 
both vertical and horizontal waves, tf US forces would use both vertically and horizontally 
polarized oim1**d1rect1ona1 ^nd directional VHF antennas along with good COHSEC practices* 
direction f Indlrq would become more difficult and expensive for our adversaries. 

End- or center-fed half*wave or quarter-wave directional antennas offer many advantages 
with VHF radios. For example* a doublet antenna provides a more r;irect1on^1 slqnal antenna 
which can reduce the enenty's ability to Intercept the signal by 20 to 40 percent. It also 
provides a 20 percent greater range, especially In wooded areas* by Increasing ERP In the 
desired direction. This Is a useful ECCM technique. 

The rive advantages of using directional horizontal polarization antennas In an EW 
environment are: 

(a) The horizontal antenna produces a more stable signal In tlie presence of 
Interference (Janmlng). 

(b) The horizontal antenna produces a more stable signal wtien used In or near dense 

woods. 

(c) The horizontal antenna Is more readily camouflaged without loss of signal. Small 
chanqes In antenna location do not cause Urge variations In signal strength. 

(d) Small changes In antenna location do not cause large variations In signal strength. 

(e) The horizontal antenna Is more difficult to direction find because of polarization 
and because Its signal can be directed %o Intended recipients and away from enemy RDF In many 
applications. 

EXERCISE: Answer the following questions and check your responses against those listed at 
the end of this study unit. 

1. Define antenna masking. 



2. Name one advantage of using horizontal polarization In an EW environment. 



Aork Unit GROUNDS AND COUNTERPOISES 

Df'FINE 6P0UNDING RODS. 
DEFINE RADIAL GROUNDS. 
DEFINE COUNTERPOISE. 
DESCRIBE A GROUND SCREEN. 
TypftS of Grounds 

When grounded anfennas are used* It Is especially Important that the ground ha^^e a& 
high a conductivity as possible. This Is necesjary to reduce ground \osu^s and to provl^lr the 
: St possible reflectinq surface for the down-going radiated energy from ^He antenna. S^icc 
low and medium frequencies the ground acts as a sufficiently good conductaf\ the problem Is 



to ndke cunnectlon to the groun{j In such a way as to Introduce the least possible amount 
(if rosHt4nce In the ground connection. At higher frequencies* artificial grounds constructed 
iif ItUfjr MJrfaces are comoon. 

The o^ounH connection takes many forms* depending on the type of Installation and the 
loss that can be tolerated. For fixed station Installations* very elaborate ground systems 
are used. These are frequently arranged over very large areas so that they operate as part of 
th? rofloctinq surfuce In addition to making the connection to ground Itself. In many simple 
fiold Installations* the qroun{j connection Is m<ie by neans of one or more metal rods driven 
Into tho earth. Where more satisfactory arrangements cannot be maoo* It may be possible to 
nako ground connections to existing devices which are themselves grounded. Metal structures 
or underground pipe systems (such a'> water pipes) coimonly are used as ground connections. In 
an omergoncy* a ground connection can be made by plunging one or more bayonets Into the earth. 

Sometimes* when an antenna must be erected over soil having a very low conductivity* 
It Is advisable to treat the soil directly to reduce Its resistance. Occasionally* the soil 
Is mixod with a quantity of coal d^ist for this purpose nr It can be treated with substances 
which oro highly conductive when In solution. Some of these substances* listed In order of 
preference* are soHlum chloride (common salt}* calcium chloride* copper sulphate (blue 
vitriol)* magnesium sulphate (Epsom salt)* and the potassium nitrate (saltpeter). The amount 
required depends on the type of soil and Its moisture content. Hhen these substances are 
iJSf*d» It Is Important thot they do not get Into nearby drinking water supplies. 



l/lth a less ^^borate ground systen* a number of ground rods can be used. These rods 
usually are mad^^ nf galvanized IroN* steel* or copperplated steel in lengths up to 8 feet. 
One end of thp rod Is pointed so that It can be driven easily Into the earth. The other end 
frequently Is fitted with some type of clamp so that the ground lead can be attached. Some 
ground rods are supplied with a length of ground lead already attached. 

A fairly good ground connection can be made by using several ground rods* 6 to 10 feet 
aDart* connected In parallel. If possible* the rods should be located In a mo^st section of 
ground or In a depression which will collect moisture. Ground resistance can be reduced 
considerably by treating the soil with any of the substar*ces previously mentioned. A trench 
about a foot deep Is dug around each ground rod and filled with some common rock salt* opsom 
salt^ or any of the other materials mentioned. The trench Is then flooded with water* after 
which It Is covered with earth. To remain effective* this treatment should be renewed every 
few years. 

For simple Installations* j single ground rod can be fabricated In the field from pipe 
or conduit. It Is important that a low resistance connection be made between the ground wire 
and the ground rod. The rod should be cleaned thoroughly by scraping and sandpapering at the 
point where the connection is to be made* and a clean ground clamp Installed. A ground wire 
c^u then be soMereH or Joined to the clamp. The Joint should be covered with tape to prevent 
an increase in resistance caused by oxidation. 

r) her field expedient ground rods are metal fi>nce posts* steel reinforcing rods* water 
pipes and iitetal building frame. 

Ratllal r*roiinds 

R^dl^l grounds (fig 4*3) co.islst of a number of bare conductors arranged radially and 
connected. The conductors* which may be from a tenth to a half-wave length or more* are 
burled ^1 short distance beneath the surface of the earth. If possible* bare ti^tal plates 
should be attached to the wire ends which improves the quality of the ground. 





Fig 4-3. Radial grounding. 



C<)unter. :1se 

When an actual ground connection cannot be used because of the high resistance of the 
soil or because a large burled ground system Is not Practicable, counterpoise may replace the 
usual (ttrect ground connection In whlcii current actually flows to and from the antenna through 
the ground itself. The counterpoise {fig 4-4) con'^sts of a structure made of wire, which Is 
erettert a short distance off the ground and Insulated from the ground. The size of the 
counterpoise should he at least equal to or preferably larger than the size of the antenna. 

When the antenna Is mounted vertically, the counterpoise should be tnadp into a simple 
geometric pattern such as those shown In figure 4-4. Perfect s nimetry Is not required, but 
the counterpoise should extend for equal distances In all directions from the antenna. 

If some VHF antenna Installations are on vehicles, the metal roof of the vehicle Is 
usert as a counterpoise for the antenna. 

Small counterpoises of metal mesh are sometimes used with special VHF antennas that 
must he located a considerable distance above the ground. This counterpoise provides an 
artificial ground that helps to produce the required radiation pattern. 



Gr ound Screen 

A ground screen consists of a fairly large area of rnetal mesh or screen that is laid 
on the surface of the ^^^ound under the antenna. Its purpose Is to simulate to some extent the 
effect of a perfect conducting <|iound under the antenna. 




Fig 4-4. Counterpoise. 
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There are two specific advantages that can be gained through use of a ground screen. 
Flr$t« the ground screen reduces ground absorption losses that occur when an antenna Is 
erected aver Iniperf ectty conducting ground and second* the height of the antenna can be set 
accurately. As a result of th1s« the radiation resistance of the antenna can be detertalnedt 
and the radiation patterns of the antenna can be predicted more accurately* 

EXERCISE: Answer the following questions and check your responses against those listed at 
the end of this study unit. 

1. What are grounding rods? 



2. What are radial grounds? 



3. What Is counterpoise? 



4. Describe a ground screen. 



SUttMARY REVIEW 

In this study un1t« you have learned about the technical and tactical requirements of 
antenna site selection. You ^ave learned various ECCII precautions that can be taken when 
selectlni] an antenna site. You have also learned about the various types of antenna grounds* 
which will help to Itaprove conmunlcatlons. 



Answers to Study Unit #4 Exercises 
Work Unit 4-1. 

1. b 

2. a 

3. a 

4. b 

5. b 

Uork Unit 4-2. 

1. The technique of hiding radio signals behind terrain 

2. (Any one of the following five Is correct) 

(1) The horizontal antenna produces a more stable signal In the presence of 

Interference (Jar.in1ng). 
iZ) The horizontal antenna produces a more stable signal when used In or near 

dense woods. 

(3) The horizontal antenna Is more readily camouflaaed without loss of signal, 

(4) Small changes In antenna location do not cause large variations In signal 
strength. 

(5) Tho horizontal antenna Is ntore difficult to direction find because of 
polarization and because Its signal can be directed to Intended recipients and 
away from enemy RDF In many applications. 

Uork Unit 4-3. 

I, Galvanized 1ron« steel« ur copper plated steel In lengths up to 8 feet with one 
end of the rod pointed and the other end clanged. 



A number of bare conductors arranged readily connected and burled a short distance 
beneath the surface of the earth. 

A structure made of wtre« which ts executed a short distance off the ground and 
Insulated from the ground. 

A around screen consists of a fairly 1^^*96 ^^^^ Mtal mesh or screen that ts 
laid on the surface of the ground under the antenna. 



ANTENNA CONSTRUCTION AND PROPOGATION OF RADIO UAVES 



RevlM Lesson 

Instructions: This review lesson Is designed to aid you In preparing for your final 
examination. You 'Hould try to coaplete this lesson without Ihe aid of reference materials* 
but If you do not know an answer* look It up and remeirtber what It Is. The enclosed answer 
sheet must be filled out according to the Instructions on Its reverse side and mailed to HCI 
using the envelope provided. The questions you miss will be listed with references on a 
feedback sheet (riCI*R69)« which ^ifl be mailed to your commanding officer with your final 
exam. You should study the reference materials for the questions you nissed before taking the 
f Ina^ exam. 

A. Multiple choice; Select the ONE answer that 8EST completes the statement or answers the 
question. After the corresponding nurtber on the answer sheet* blacken the appropriate 
circle. 

Value; 1 point each 

1. Mhat part of a radio set Is used for sending radio signals? 

a. Demodulator 
t). Transmitter 
c. Receiver 
Amplifier 

2. Nhat component of a radio set takes the electromagnetic waves and developes an 
electrical signal* which amplifies and demodulates Into an audible signal? 

a. Antenna c. Transmitter 

b. Receiver i Power converter 

3. ^Ihat device Is used for radiating or receiving radio waves? 

a. Receiver 

b. Transaltter 

c. Antenna 

d. Demodulator 

4« t-ftiat provides operatlna voltage to a radio set? 

a. Power supply 

b. Direct current 

c. Alternating current 

d. Carrier wave 

5. Electromagnetic energy radiated from an antenna Is known as waves. 

a. sky 

b. ground 

c. magnetic 

d. radio 

G. The nunber of conq)1ete cytles that occurs In one second determines the 

a. speed at which electromagnetic energy travels through space. 

b. frequency of a radio wave. 

c. amount of energy available In a power supply. 

d« type of power supply needed to operate a radio set. 

7, What Is the formula for finding the wavelength of an antenna when the frequency Is 
known? 

c. 3000000 



d. 300000000 

— r — 




300000 
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8. What type of wave acts as a medium for the transmission of Information signals? 

a. Carrier 

b. Frequency 

c. Transmlsslori 

d. Received 

0. The process whicti varies or fiiodif ies either the frequency or amplitude of the carrier 
waveform Is known as the 

i*. critical frequency. 

b. transmission. 

c. modulation. 

d. carrier wave converter. 

10. Ithat type of uodulation varies the power output of a transmitter? 

a. FH 

b. FSK 

c. SS6 

d. AM 

11. Uhat Is the process called wtilch varies the frequency of an unmodulated carrier wave 
in proportion to the amplitude of the modulating signal? 

a. Ftt c. m 

b. FSK d. SS6 

12. A gaseous nass which envelops the oarth describes the 

a. auU:tosphere. c. atmosphere. 

b. source of Ionization. d. reglous In outer space. 

13. The atmosphere is corjposed of three regions. Name them In order of their relative 
heights. 

a. Troposphere* Ionosphere^ and stratosphere 

b. Stratosphere* troposphere* and ionosphere 

c. Troposhere^ stratosphere and Ionosphere 

d. Ionosphere* troposphere^ and stratosphere 

14. A ground wave Is a radio wave that travels 

a. skyward. 

b. skyward and near the earthS surface. 

c. near the skip zom . 

(1. near the earth*s surface. 

15. The direct ground reflected and surface wave:> are all co iponents of the 

wave. 

a. sky 

b. single hop 

c. tropospheric 

d. ground 

ICt What type of radio v^ave d(?pondo on the ionosphere to provide signal paths between 
transmitter and receiver? 

a. Sky 

b. rirouMd 

c. [Hrpct 

d. Ground reflected 
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17. An area bounded by the outer edge of the usable ground wave propagation md the point 
nearest the antenna at which the sky wave returns to earth Is known as the 

a. skip area. 

b. skip zone. 

c. unusable zone. 

d. skip distance. 

Vlhlch region of the Ionosphere has little effect 1n bending the paths of high 
frequency radio waves? 

a. n 

b. F2 

c. E 

d. D 

19. During the day« atl regions within the Ionosphere are Ionized. At night only 
the regions remain Ionized. 

a. D 

b. E 

c. F 

d. G 

20. The chief factor that controls long distance comunlcatlon Is the 

of the Ionized layer. 

a. expect location 

l>. Ionization density 

c. upper *- region 

d. trapped — waves 

21. Which two layers of the Ionosphere are the most highly Ionized? 

a. D and E 

b. 0 and f 

c. C and F 

d. D and F-2 

22. The highest frequency at which waves sent vertically upward are reflected directly 
back to earth defines 

a. the highest frequency of transmission. 

b. modes of transmission. 

c. critical frequency. 

d. interference frequency. 

23. The frequencies that return to earth from a flited angle of departure are known as the 
KUF. The MUF used In predicting the operating frequencies refers to the 

a. maximum transmission distance possible for a given operating frequency. 

b. minimum transmission distance possible for a Qlven operating freauency. 

c. lowest frequency that wll provide coimunl cation over a specified distance at a 
given tine. 

d. highest frequency that will provide comnunl cation over • specified distance at a 
given time. 

24. Waves of frequency that are transmitted above the will pass through the 

Ionosphere and escape into space. 

a. flUF 

b. FOT 
C. LUF 
d. UMF 
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25. The lowest limiting frequency for satisfactory sky-wave conr^mnication for a radio 
circuit at a particular time is known as the 

a. LUF. 

b. LOF. 

c. LTF. 

d. LHF. 

2S. The periodic increase and decrease of received radio strength is called 

a. noise. 

b. reflection. 

c. fading* 

d. interference. 

?7. Groiind-v/ave propagation Is extrenely iii>efijl for comnunication at 

a. any frequency. c. high frequencies. 

b. low frequencies. d. superhigh frequencies. 

Uhat types of radio wave propagation are useful at the medium frequency band? 

at Sky only 

b. Sky and reflected 

c. riround only 

d. Sky and ground 

?9. In the high frequency band uhat are the two types of wave propagation called? 

a. Direct and sky c. Reflected and ground 

1). Reflected and direct d. Sky and ground 

30. Which of the ground wave components listed below provides the best communications 
path \A\en operating in the very*high"frequency band? 

a. around reflected wave 

b. Surface wave 

c. Direct wave 

d. Critical wave 

31. The direct wave component of the ground wave is the only reliable propagation path 
available when transmitting in the frequency band. 

a. HF c. IJLF 

b. ELF d. UHr 

3?. A device which converts the output power delivered by a radio transmitter into an 
^electromagnetic field* that is radiated through space is the function of a 

a. transmitting antenna. c. RF amplifier. 

b. power converter. d. AF amplifier. 

33. What is the purpose of a receiving antenna? 

a. To send received signals to the modulator 

b. To vary the frequency of a radio wave 

c. To operate as a signal source for the receiver- 

d. To radiate energy into space 

34. If a transmitter is supplying power to an antenna* the fluctuating energy sets up two 
f leMs. Which of these two fields remain at a short distance from the antenna and 

beyond? 

a. Radiation c. Magnetic 

b. Inductive d. Electric 
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35. The radiation fleTd Is composed of two components. They are the 
electric components. 



10, 
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43. 



44. 



Induction 
b. magnetic 



c. electron 

d. oscll latlon 



36. What field Is formed from the electric and magnetic components of a radiated wave? 



a. Electrolnductlve 

b. Electromagnetic 



c» Magnetlclnductlon 
d. Electromotive 



37. Polarization of a radiated wave Is determined by the direction of the lines of force 
inaiting up the field. 



a» magnetic 
b. Induction 



c. electric 
d» radiation 



38* There are two types of antenna polarization. \!hat are these types of polarization? 

Vertical and omnl-dlrectlonal 
Vertical and horizontal 
tlorlzontal and directional 
Azimuthal and vertical 



'\t low and medium frequencies* ground-wave transmission Is used extensively. Uhat 
ype of polarization must be used? 



Vertical 
Horizontal 



c. Directional 

d. Azimuthal 



40. t(hy Is It better to horizontally polarize antennas at high frequencies? 

They can be made to radiate effectively at high angles. 
They are omnl-dlrectlonal * 

*)ecause vertically radiated waves can not be refracted from the Ionosphere. 
Because vertically polarized antennas have Inherent directional properties. 



At the very*h1gh and ultra*h1gh frequency bands* which typets) of antenna 
polarization should be used? 

Vertical polarization only 
Horizontal polarization only 
Neither vertical nor horizontal 
Either vertical or horizontal polarization 



42. The RC-292 Is a(n) 



antenna. 



center fed whip 
lono wire 

fIxMt mst nounted« log periodic 
d. elevated* wide band« modified ground plane 

Uhlch antenna array assetnbly consist of a folding boom supporting a planar array of 
seven log periodic dipole elements? 



a. AS-1729 

b. AS-2236 



c. AS-2851/TR 

d. AS-2259/GR 



Uhlch antenna system consist of a collapsible folding log periodic shaped In the 
form of a square? 



a. AS-2236 

b. AS-2950 



c. RC-290 

d. RC-292 



4!). A dipole antenna which consists of eight Hghtweloht coaxial mast sections and four 
radiating elements that also serve as guys Is a(n) antenna. 



J . AS-802 
b. AS-2851 



c. AS-2236 

d. AS-?259 
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46* By allgnlnS the antenna with an aziniuth to the oi<t$tat1on and adding or subtracting 

the wave angle* the major lobe of the ^ antenna can be directed 

toward the intended receiver* 

a* half-wave dipole 
b» long wire 
c* quarter-wave whip 
d» ground plane 

47* Mhat happens to a half-rhocibic antenna* when terminated In a resistor? 

a* It becomes unl-dlrectlonal c* It becomes bi-directional 

b* It becoms (Hmm-dlrectlonal d* It becomes directional 

4B* When making a field expedient ground plane antenna* at what length should the 
vertical and ground plane elements be cut? 

a* 1/4-wave c* 3/4-wave 

b. 1/2-wave H. 1-uave 

40* A conductor that transfers radio frequency energy from the transmitter to the antenna 
Is called a line. 



a* repeater c* transmission 

b* carrier d* pulse 

50* A standing wave Is described as a 

a* motionless wave on an antenna that Is Caused by a perfect match* 

b* motionless wave on An antenna that Is caused by a mismatch* 

c* moving wave on antenna that Is caused by a perfect match* 

d* motionless wave on an antenna that causes a perfect match* 

51* What are the advantages to using the twisted pair transmission line? 

a* There Is an energy loss In the line and readily accessible material 

b* This type of line permits ease of construction and readily accessible material 

c* It can be used with HF equipment without hazard and ease of construction 

d* This type of line Is balanced to ground and used with Hf equlpnent without hazard 

52* One disadvantage of using the twisted P^lr transmission line is that 

a* It's too difficult to work with* 
b* It's balanced to ground* 
c* It's too expensive to use* 

d* care must be taken to ensure that the line Is capable of handling the transmitter 
power* 

53* What Is one advantage of using the shielded pair transmission line? 

a* Ease of construction 

b* Readily accessible material 

c* low cost of material 

d* The conductors balanced to ground 

54* The technique of hiding radio signals behlid terrain defines 

a* decoy antennas* c* remote operation* 

b* antenna dispersion* d* antenna masking* 

55* Uhat is one ad'^antage of using directional horizontally polarized antennas In an EW 
environment? 

a* The antenna Is Imnune to Jamming 

b* The antenna can be used on vehicles while on the move 

c* The antenna will transmit In a 3$00 radius 

d* A directional) horizontally polarized antenna is difficult for direction finding 
equipment to find 



56. Grounding devices made of galvanized Iron or steel In lengths up to eight feet are 
called 

a. counterpoise. c. grounding rods. 

b. radial grounds. d. grounding screens. 

57* What are radial grounds? 

a. A structure made of wire which Is erected a short distance above the ground. 

b. A large area of metal mesh or screen laid on the ground under an antenna. 

c. A large nunfber of galvanized Iron rods connected in parallel. 

d. A nuR^er of bare conductors arranged rad1a11y/and connected. 

58. What Is a counterpoise? 

a. A structure made of wire which Is erected a short distance off the ground and 
Insulated from the ground. 

b. A large area of metal mesh or screen that Is laid on the surface of the ground 
under an antenna. 

c. A number of bare conductors arranged radially and connected. 

d. A large number of galvanized metal rods connected In & series. 

59. Uhat type of ground system consists of a fairly large area of metal mesh or screen 
that Is laid on the surface under an antenna? 

a. Radial grounds c. Grounding rods 

b. Ground screen d. Counterpoise 

Matching: I^ead the following directions carefully for each of the groups of Itenis below. 
For each Item select the one letter ta.* b.» c.» or d.) Indicating your choice. After the 
corresponding number on the answer sheet* blacken the appropriate circle. 

Value: 1 point each 

GROUP 1 

In the group of Items below (60*6?) match the atmospheric layers In column 1* with the 
Inscription In column 2. 

Colufin 1 Column 2 

Atmospheric layer Description 

60. Troposphere a. The region of the atmosphere which 

extends from the surface of the earth to a 
height of about 6.8 miles 

61. Ionosphere b. The region of the earth *s atmosphere 

composed of several distinct layers 
hz* Stratosphere c. The region of earth's atmosphere where the 

temperature remains nearly constant 
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GROUP 2 



In the ^jrcup of Items below (63*68)« match the advantages of vertical and hcrfzcntal 
pclarUatlcn fn column 1* with the types of antenna pcTarfzatlcn In column 2, 



Column 1 

Advantages of vertical and 
horizontal polartzatlon 



Column 2 
Types of anterna j>olarlzatlon 



a* Vertical 
b. Horizontal 



63. Less affected by reflections from 
aircraft flying over the transmission 
path 

64. Picks up less interference from VHF 
and UHF broadcast transmission 

65. Useful if it is desired to minizing 
interference from certain directions 

66. Useful when communicating with rtoving vehicles 

67. Suffers lower losses when located near 
dense forests 

60. Less apt to pick up r.ianmade interference 

GROUP 3 

In the groups of items below (69-71) and (72*75) match the field expedient antennas in 
column 1« with the illustration in colunn 2. 



Coluum 1 
Field expedient antenna 



Column 2 
Illustration 



60. Half-Rhoinbic 

70. Long wire 

71. Half wave dipole 



a. 




b. 




c. 
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GROUP 4 



Column 1 Column 2 

Field expedient antenna Illustration 

72. 1/4 wave whip a. \ 

73. sloping V # 

74. Field expedient ground plane m 

75. Two element yagi 1 




GROUP 5 

In the group of Hens below (76*80) patch the factors for antenna sight selection In 
column 1« with the types of catagorles in colunn 20. 

Colunn 1 Column 2 

Factors Types of category 

76* Man-made obstructions a. Tactical 

77, LQCal command requ Tements b. Technical 

78* Practical considerations 

79. Location 

80. Cover and concealment 
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GROUP 6 

In the group of \lm% beTow (81-84) match the types of transmlssfon fn column 1« with the 
iTlustratfon fn column 

Column ] Column Z 

Types of transmissions I llustrations 

8K Shielded pair a. 

82 f Twfsted pair 

83. Coaxial 

84* Parallo] two-wire 
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Total Points: 84 
* * * 



APPCNDU t 



FtEU) EXPEDIENT CONSTRUCTION 



This appendix discusses soiw field expedient solutions to repairing tactical Mhip and 

?roiffid plane antennas, If they become broken or dawged. This append1.K alSG covers seven 
leld expedient antennas t4t1ch can be used along witit conventional tactical wtennas or In 
place of these tactical antennas. 

Uhen you fabricate an oitenna, there Is one Important fact that you oust keep In mind; the 
location of tite statlon(s) you mIII need to conmunlcate with. The direction and distance are 
critical factors and tite selection of the right type of antenna is Important. Das1ca11>, 
there are three types of antennas accord t to the directional characteristics, as shoMi In 
figure AM. 

OMNI-IMrMUoiwl .... AUdlreeHoaa 

BMMreettonal Any two oppoalie dlreotloos 

UNI'DlreeUonal Any on* direction 





OIRECTIONAL 




UNI— 




OIHECTIONAL 



Fig AI-1. nirectlonal characteristics. 



N ot e ; Appendix I Is professional reference material designed to enhance 
your abilities ONLY; this Information Is not tested In titis course. 
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Omnl'f)ir(>ct1ori1 Antennas 

The vertical virtilp antenna Is the nost widely used omnl-^dlrectional antenna found in the 
military* The tactical communicator Is most familiar with the whip antenna used on vehicles, 
and the ground plane antenna which Is usually mounted on masts or other structures. 

The vertical whip Is omn1»(an) directional, and Its efficiency Is related to the 
transmitting frequency and antenna height* At lower frequencies 1t% efficiency Is very low, 
but as the frequency Is Increased, Its efficiency also Increases. The problem with height can 
be helped hy placing the antenna on top of a hill or by fastening It to a pole or tree to 
Increase Us height above surrounding structures. 

If your whip antenna Is damaged or missing, consider the following quick solutions to Kur 
problem: 

a. Metallic Whips . If a metallic whip antenna becomes broken into two pieces a splint 
Is the quIUest repair you can make figure Al-2* The following steps are performed when 
repairing thiS type of jrake: 

11) Scrape off the paint three to six Inches from the broken ends. 

(2) Obtain about one foot of copper wire or stripped UD-K 

(3) Overlay the cleared ends and wrap thea together tightly w th the wire. If 
possible, solder the connection. 

(4) f^lace < ;t1ck, pole, or branc^* on each side of the break and wrap the 
splint tlgrttiy with HD-1, tape, r\ ^e or vihatever Is available. 

If everything else Is working right, you're ready to comunlcate. 
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#1 STEP #3 STEP #4 

Fi«j AI-2. Metallic whip antenna (spliced). 
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If your metallic whip antenna Is broken and the top piece Is lost, perform the following 
tteps for A quick fix (fig AI*3): 

Step 1. Obtain a pole 10 feet long, about 9 feet of and s«m tape. 

Step 2. Scrape off the paint from the top 2 Inches of the whip's stub. 

Step 3. Wrap 12 Inches of bare wire around the scraped portion of the stub. Wrap 
very tightly, pass It over the top of the stub, and Jam It into the hole 
with a wooden peg and tape If possible. 

Step 4. Tie the 10-foot pole tightly to the antenna base and stub. 

Step 5. Attach the UD-1 along the length of the pole with tape. Total length of 
the upright UD-1 and antenna stub should not be nore than 9 fec>t. 

Step 6. Trim away any extra wire. 

You are now ready to connunlcate. Hove slowly because this mast will not withstand abuse 
like the original, but will serve you well In an emergeiicy. 



y 




STEP #4,5 

Fig AI-3. rtetalllc whip repair. 
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b. Fiber glass whi ps. If t f Iberyliss whip antenna breaks Into two pieces* you cannot 
use a spllnt^to Mjt It like we did on metal whips* To repair a broken fiberglass whip follow 
th^sG slfttple sti>p'# (fig Al-4): 



t1) Obtain a 15-foot length of coaxial cable. Measure off 5 feet and strip the 
rubber sleeve (cover) from the 5-foot section. Separate the braided shield 
from the center conductor byt 

(a) Using 4 sharp knife* carefully cut through the outer insulation; do not 
cut Into the braided shield. Once the Insulation Is cut evenly all 
around* pull It off leaving the braided shield exposed, 

(b) Bend the coax in a loop and hold it In owt hand. Using a nail or pencil* 
carefully separate the braided shield from the insulated center 
conductor. Gradually work the pencil in between the coax and the center 
conductor. 

(c) Keeping the loop formed* stick a finger in the hole you made with the 
pencil und slowly pull the center conductor out of the braided shield. 

(2) Obtain a I0*'foot dry pole and lash It to the antenna base. 

(3) Tape the center conductor to the top 0^ the pole. 

(4) Tape the braided shield to the bottom of the pole, 
(b) Tape the stripped coax at several iDre places. 

(6) If there^s a BtlC (twist lock type) connector on the coax* attach It to the 
radio. If not* wedge the center conductor firmly into the antenna connector 
and attacli the braided shield to a screwhead on the radio case. Remember* 
this is only a teinporary solution* so replace it the first chance you get. 
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Fig AI-4. Fiberglass whip antenna repair. 
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STEP 2 STEP 3.4.5 STEP 6 

fig A1^4. f Ibergalss whip antenna repalr^-^contlnued. 

c. ]/4 * waye vertical antennas . To replace regular l/4*wave vrtiip antennas execute the 
lowing steps (fig. Al-5): 

(1) Using the qufck reference chart at the end of this appendix or the fonnula for 
a quarter wave* cut a piece of wire to the r^.qu1red length. 

iZ) Attach an Insulator to one end of the wire and attach the other end to the 
antenna connector on the radio. 

(3) Ti^ another piece of wire or a piece of rope to the insulator end and throw 
the wire/rope over a liirtb. 

(4) Pull the antenna up untfl It Is vertical and ready to go. 
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234 -r frequency = Antenna length in 

feet and inches 



STEP #1 




STEP 3 STEP 4 

Fig AI-5. V4-wave vertical tntennas—contlnued. 

Al-8 
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The verticals (fin AI-6) are constructed the same way» but each has a different nteans of 
support. They are all simple and quick to erect. 

If you are using Insulated wfre« be sure to loop the wire around the handle of th^ radio 
before attaching ft to the antenna connector. If your antenna fs otade of bare w1re« use a 
stake and Insulator to keep the antenna sire from pulling out the antenna connector on the 
radto. 




Fig Al-6. 1/4-wave vertical antennas with a different means of support. 

The Illustrations shown fn figure Al* 7 Illustrates how to rig an antenna lead-in using 
UD-1« which is a pair of twisted wires. Since a good electrical connection Is a imist* remove 
an Inch or two of Insulation from the ends of the wires. Separate the three steel strands 
frofsi the four copper strands In each wire and cut the steel strands off at the Insulation. 
Twist the four copper strands of each wire together. Connect the ends of the wires to the 
antenna and to the radio* and you have a usable antenna 1ead-1n. For some antennas such as 
the ground plane* the wire connected to the vertical element (inner part of a receptacle on 
the antenna) must connect to the inner part of the antenna receptacle or to an antenna 
terminal on the radio set. The other wire must connect to the outer shell of the antenna 
receptacles. Usually you can loosen one of the screws on the receptacle shells and connect 
the wire at those points. 
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Fig Rigging an antenna lead-In using 

d* KC-292 ground plane antenna * The RC-292 is a highly effective* omnl-dlrectlcnal 
antenna* It is usuairy men mre effective than a whip antenna* When thh antenna Is daroaged 
or not available* there are several versions that can be fabricated* To repair and/cr 
fabricate the RC-292 antennas* here are some of the methods used; 

(1) Hast and guy repair for RC '292 * To repair an antenna with a broken mast 
section and^guytfne* follow these steps; 

(a) Lay the broken mast end to end* 

(b) Using a sturdy pole* splint the pieces of the mast together* 

(c) Repair or replace the guy line* vrrth rope or wire* If wire Is used be 
sure to use an Insulator* this will prevent the wire from radiating* 
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Fig At-8. Hast section and guyline repair RC-29?, 
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STEP c 



rig At>8. Mast section and guyllne repair RC-292- •continued. 

(2) Tree supported RC-292 . This ground plane Is a regular RC'292 antenna without 
nast sections or guy lines (fig AI-9). Follow these simple steps for 
Installation; 

(a) Attach an Insulator to th^ vertical element, and tie a piece jf rope or 
wire to the other end of the insulator. 

(b) Tie a weight on the other end of the rope, and throw the rope over a tree 
11n(b. 

(c) Raise the antenna and tie off the rope. 
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STEP b STEPc 

Fig AI-9. Tree support RC*292. 

(3) Improvised (tree hung) RC"292 . The tree hung (fig AI-lO) can be a replacement 
for the RC-Z9Z In any eneroency. This Improvised antenna can be used In 
wooded areas where a tree Tlirt) can be u$ea to raise the antenna. Follow these 
steps when making this type of Improvised RC«292: 

(a) Using the quick reference chart at the end of this appendix or the formula 
for a 1/4-wave antenna* cut four wires for a 1/4*wave length each. 

(b) Obtain three branches or slender sticks of wood. 

(c) Position the three branches or sticks to form a triangle and tie the ends 
togati 9r . 

AI-12 
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(d) To each corner of the triangle, tie one end of e<ch of the three 1/4-mve 
Hires. 

(e) Obtain «n insulator and attach the other end's of the three wires to it. 

(f) Attach the fourth 1/4-wave wire to the other end of the Insulator. 

(S) On the opposite end of the fourth 1/4*Have wire attach another Insulator 
and to this Insulator, attach a wire or ropt which will be used to pull 
the antenna up Into the air. 

(h) Attach an antenna lead-In to the antenna as shown In figure AI-10 before 
raising the antenna. One end of the lead In Is attached to the 1/4-wave 
vertical element and the other end to the three ground plan elenents. 

(1) lastly, raise antenna and tie it off. Then attach the antenna iead-1n to 
the antenna connector and radio chassis. 



234 operating frequency = quarter wave antenna 




1/4 wave 
length each 



a 




STEP b 




STEP c 




d 

Fig AI-10. 



Iiq>rovised tree hung RC->292. 
AM3 
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STEP g 

Fig AI-10. Improvised tree hung RC 292--cont1nue(l. 
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Fig AI-lO. Improvised tree hung f;C-?9?--cont1nucd. 
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{4) Iwiroyised gr*<und plane (pole supported) . This ground plane antenna {fig 
M-Ti) can oe u$m in areas where there ire no trees to use as supports. It 
can be constructed as follows; 

(a) Obtain a large pole. 

(b) CoBpute and cut four Mires for a quarter tiave. 

(c) Attach one quarter*tiave Mire (vertical element) to the pole (the exact 
location of Mire on the pole Mill depend on antenna length. 

(d) Attach the other three 1/4>Mave Mires (ground plane elements) to the 
pole. Ensure that they are insulated from ^e vertical element. 

(e) Attach insulators to each of the ground plane elMents and attadi another 
Mire to the opposite end of each insulator. 

(f ) Raise pole and tie down the three ground plane elements. 

(g) Connect an antenna lead in the vertical and ground plane elements and to 
the antenna connector and radio ground. 




1/4 wave 
length each. 
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F1g AI-11. Improvised ground plane (pole supported) antenna. 
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STEP d STEP e 




STEP f,g 

fig At-11. Improvised ground plane (pole supported) antenna—continued. 
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Bf^dlrectlonal and Unf*D1rect1ondl A;itenndS 

a. One-half *Wdye Dipole . The Doublet or 1/2-wave dipole as It 1$ niore cownonly called Is 
a highly effecttve bl-dfrectfonal antenna. It 1$ normally used In the high frequency range* 
but can also be used effectively with radios that operate within the very-high-frequency range. 

To construct the l/2^wave dipole antenna* you will need the following Items; 

#TWo supports (trees or poles) 

• Wire (both for the antenna and halyards)* Rope can also be used for the 
halyard. 

• Three Insulators 

To build this effective antenna follow these sliaple steps: 

{1) Cut the wire to your operating frequency using the chart or formula to compute 
the length needed for a half-wave antenna. 

(2) Determine your direction of transmission because this type of antenna 1s 
bi-directional. 

(3) Cut the wire In half and put an insulator on each wire end and one In the 
center. 

( 4 ) tTJMte and/or erecx iwo supports, se certain they are 3 or 4 feet farther 
apart than the antenna's actual length and broadside to the direction of 
coraaunlcatlons. 

(5) Attach your antenna lead*1n to both sides of the center Insulator. De sure 
that It Is long enough to drop nearly to the ground and then to your radio's 
position. 

(6) Tie ropes or wires to the two end Insulators. Then* using whatever method Is 
- easiest* hang the antenna up between the supports and keep It as taut as 

possible. 

(7) Connect one end of your antenna lead-in to the antenna connector and the other 
to a ground point on or near the radio. 
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STEP 2 





STEP 3 



Fig AI-12, 1/2-Mdve dipole antenna construction. 
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Fig AI-12. 1/2-Wave dipole antenna construction—continued. 
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Fig AI-12. l/2-Wave dlpole antenna construction—continued. 
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STEP 7 



Fig Ai'I2. ]/2'Wave dtpole antenna coiistructton-'Contlnued. 
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Fig AI-13. Improvised rtethods of supporting} half-wave antennas. 

b* TwQ'Element Yagi Antenna . This configuration may be new to sorw comnunlcators* As 
seen 1n figure 1-TZ» n consists of a dipole modified by simply adding a reflecting element (a 
single wire) 1/4-wave length behind the dipole. This reflecting element will help Increase 
tl;'.' gain and make the antenna more directional. To construct this antenna* simply add the 
reflecting element as follows: 

(1) Construct a 1/2-wave dipole. 

(2) Obtain two supports* either poles or trees. 

(3) Cut reflecting element. Use l»468 divided by the operating frequency to 
obtain proper element length. 
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(4) Attach the reflecting elenent to the supports and erect thv reflecting element 
1/4-wave length behind the dlpoU antenna. Ensure out-staclon Is forward of 
the antenna and reflecting elements. 




STEP 2 

Fig AI*14. Two-element yagi antenna* 
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468i operating frequency =. element length 
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STEP 4 

Fig AI-14, Two element yag1 antenna—continued. 




c* Long wire antenna * If you need fiiore distance and directivity than your whip antenna 
will 9lve you* try making a long wire antenna (fig 15)# The overall length of the anf^nna 
nujst be between three to seven wave lengths of the operating frequency depending on the 
operating area and amount of construction material on hand* This antenna Is bi-directional 
for high power VHF and IIF, because In the field you won^t be able to obtain a carbon resistor 
large enough to terminate the higher power radios* For low power VHF* this antenna Is 
uni-dlrectlonal when termlnateu with a 500 to 600 ohm, 2-watt carbon resistor* Hake sure the 
Mlmnt is set ud for the direction you want to communicate because It Is definitely not 
omni-dlrectlonal* With this antenna you will find that you can communicate over longer 
distancns In either one or two directions* Follow these simple steps whrn making a long wire 
antenna: 

(1) Determine the direction of the station you need to reach and line up your 
antenna* Plan all your work In that direction. 

(2) Cut antenna wire to the des1re<! length* Use the quick reference chart at the end 
of this appendix or the formula for a full wave length antenna; 936 divided by 
operating frequency (936 tuist be multiplied by the desired antenna wavelength; 
1*e*, three to seven wave length)* 

Example: 936 X 4 wavelengths = 3744, 

3744 divided by operating frequency » length 

Example; 3744 divided by 30 KH2 » antenna length of 124 feet, 8 Inches* 

(3) Select the two supports which will hold up your antenna* The length or height 
of available supports will depend on the operattnc] area* If you're operating 
in a forested ^rea, tr^s may be used as supports, and the higher off the 
ground the better* If operattni] in a desert environment, tent or PO-^2 poles 
nay bfi your only choice, so use whatever is available* Remember, the higher 
off the (]round the better* 

(4) Attach the antenna wire to the two supports* 

(5) Attach an Insulator to each end of the antenna wire* 

(6) Connect tiedown wires outside the Insulators on each end of the antenna wire* 

(7) Raise ^ind tie down the antenna* 

(0) Connect antenna lead-in to the antenna and radio set* 
(9) Connect resistor to the far end of antenna. If desired* 
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936 + OPCRATINQ FRCOUENCY X 3 TO T WAVE LENGTHS 
ANTENNA LENGTH IN FEET AND INCHES. 




STEP 2 

Fig AI-15. Long wire antenna construction. 
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STEP 3 

Fig AI-15. long wire antenna con structlon* -continued. 
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Fig AI-15. Long wire antenna construction—continued. 
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Fig At-15. long wire antenna construction—continued. 
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Fig Al-15* Long wire antenna constructions-continued* 

d* Sloping V antenna * The Sloping V antenna consists of two long wires arranged to form 
a V which Slopes down towards the ground* It Is bi-directional to unl-dlrectlonal and 
produces primarily sky waves* The following steps show you how to construct one: 

(1) Determine the direction of the station you need to reach and line up your 
antenna* Plan all your work In that direction* 

(Z) Cut wire for the antenna legs* Leo length is noncrltlcaU but should be at least 
two wavelengths long* Antenna wire should be of number 10 to 16 copper clad wire* 

(3) Connect insulators to each end of the antenna legs* Add tie down wires to the 
opposite ends of each Insulator* 

(4) telect a tree or pole to serve as a mast for the antenna* 

(5) Connect antenna legs to mast* select apex angle depending upon antenna leg length* 
in wavelengths* 

(6) Extend the antenna legs out and stake them down to metal stakes* 

(7) Attach a balanced transmission line to the antenna legs* and radio set* 

(8) To make the antenna more directional* simply connect nonlnductlve resistors 
betweer* the open end of each leg of the antenna* The resistors should be between 
400 and 800 ohms (typically 500 ohms)* and each should be capable o^ dissipating 
up to half of the transmitter power* 
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F1g AI-16* Sloping V antenna constructton. 
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Ant«nna Length 
(wavelengths) 

1 

2 

3 

k 



Optiinum Apex 
Angle (degrees) 

90 

70 

36 

50 



Antenna Length 
(wavelengths) 

6 

6 

10 



Optimun Apex 
Angle (degrees) 

AO 

35 

33 
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Fig AI-16. Sloping V «ntenn« construction— continued. 
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Fig 16, Sloping V antenna construction— continued. 
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STEP 8 

Fig 16. Sloping V antenna construction— continued. 

e. Vertical H»Tf-Rhow»b1c . The half-rhonbic antenna Is a terminated vertical antenna. An 
unbalanced transmission line Is used along with a ground or counterpoise for this type of 
antenna. This longwire antenna will give you more distance and directivity over whip type 
antennas. The vertical half-rhombic is a fairly simple antenna to construct, Just follow 
these simple steps; 

(1) Oetemlne the direction of the station you need to reach and line up your 
antenna. Plan all your work In that direction. 

iZ) Cut thi antenna wire. Wire length will depend on the operating frequency and the 
size of the available site. Each leg of the antenna should be at least one wave 
length long. At 30 MHz the leg wave length Is 1 1/2 wavelength and at 70 MHz It ~ 
Is 3 1/2 wavelengths. 

(3) Connwt an Insulator to each end of the antenna wire. Add tie down wires to each 
Insulator. 
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(4) Select a nlddle support* either a tree« po1e« or a wire or rope suspended between 
two poles or structures* Support should be between 20-30 feet high. Preferably 
30 feet or higher. 

(5) Select one end of the antenna wire with Insulator* tie It down and run It out 
toward the station you need to communicate with and stake It down on a mtal stake* 

(6) Connect or han^ antenna wire on or over the support and raise antenna* 

(7) Extend the other end of the antenna wire until It Is tight and stake It aown using 
another metal stake* 

(8) Obtain* measure and cut another piece of wire to be used as a counterpoise* 

(9) Attach one end of the counterpoise between the ground stake and antenna 
Insulators. Then run the counterpoise to the other end of the antenna keeping It 
a foot off the ground* Attach the counterpoise between ground stake and antenna 
Insulator. 

do) Attach an antenna lead-in to antenna and radio* 

(11) To make this antenna more directional* connect a 500-to 600*ohn* 1-to 2-watt 
carbon resistor across the Insulators at the far end* 




STEP 1 




STEP 2 




STEP 3 

Fig AI-17. Half-rhofliblc antenna construction. 
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STEP 4 




STEP 5 



Fig AI-17. Hatf-rhofflblc antenna construction—continued, 
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STEP 7 

Fig AI-17. H«lf-rhonlbic antenna construct1on--cont1nued. 
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STEP 8 




STEP 9 



Fig AI-t7. Hatf-rho«b1c antenna construction—continued. 
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Formulas and HF/VHF Quick Reference Charts 

You can tletormlne the length of the antenna you need by using the proper formula below or 
the proper quick reference chart* 

To figure a quarter-navelength antenna in feet: Divide 234 (constant) by your 
operating frequency ^n NHz example: 234 divided by 44.8 5.22 or 5*2" 

To figure a half-wavelenoth antenna In feet: Divide 468 (constant) by your operating 
fre<^uency in MHz example: 468 divided by 56 ^ 8.36 or 8^5" 

To figure a fulVuavelen^th antenna In feet: Divide 936 (constant) by your operat1n{] 
frequency In MHz example: 936 divided by 45 ° 2D.8 or 2DMD" 

To convert feet to taeters* multiply by .3048 (constant) exainple: 110 feet X ,3048 * 
33,5 rneters 

To convert meters to feet multiply by 3.28 (constant) exainple: 1DD meters X 3.28 « 328 
Table Al-1. HF/VHF Quick Reference Chart 



Htgh Frequency \Hfi 
Antenna length In Feet & Inches 


very Hign Frequency IVHF) 
Antenna length In Feet & Inches 


Op Freq 

In MHZ 1/4 Uave 1/2 Uave 1 Uave 

2 117' 254' 468' 

3 78' 156' 312' 


Op Freq 

In MHZ 1/4 Uave 1/2 Uave 1 Uave 
30 7*10" 15'7" 31'2" 
33 7'1" 14.2" 28'4'' 


4 58''6" ■ ITT' 2341 

5 46'9" 93'7" 157'4" 

6 39' 73' 156' 


35 6'9" IS'S" 26'10" 
37 6'4" 12'7'' 25'2" 
40 5'IP'' ]1'8» 23'4" 


8 29'3" 5P'6" 117' 

9 26' 52' 1D4' 


43 5'5" 10' 10" Zl'S" 
45 5'3" 1D'5" 2D'1D" 
48 4*10" 9'8'' 19'4" 


10 23'5" 45' 10" SS'S" 

11 2V3" 42'6" 85' 

12 19'6" 39' 78' 


50 4'9'' 9'5'' lO'lO" 
55 4'3'' 8'6" 17' 
57 4'r 8'2'' 16'4" 


13 19' 36' 72' 

14 16'9'' 33'5" 66'ID'' 

15 15'7'' 31'?" 62'4" 


■ 'SO 3'T1« 7'ld« 15'8'' 
65 3'7'' 7'2" 14'4" 
68 3'5" 6' ID" 13'8'' 


16 I4'7" Z9':!» 58'4" 

17 13'9" 27'6» 55' 

18 13' 26' 52' 


70 3'4-" B'?" W'Z" 
75 3'r 6'2'' 12'4" 
8D 3' 5'ir ll'IO" 
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Field Expedient insulators 



Materials which are min up of nonconducting substances Tike porcelain* glass* rubber and 
plastic are used In antenna system construction to preven undeslred current flow paths or 
short circuits In the system* Examples of sone very common Items readily available for use as 
Insulators for field expedient antenna systems are buttons* bottle nocks* tire tubes and dry 
cToth or rope* 

Figure AI-T8 below shows how these Items may be used* 




UfTi rUITWarOLMI aOCDtlAYwOOO rAOli Wt CLOm* ttRY IU»£ 



Fig A1*18* Field expendlent Insulators* 

Table AI-2* Field Expedient Items 

Here are some field expedient Items that might help you get the Job done In an 
emergency* 



Or l ^lna J Issue Field expedient 



Antenna wire UD-1* barbed wire* electrical wire* coaxial cable 

Antenna mast Trees* sticks* Tance poTe* telephone poTe 

Coaxial cable WD-1* electrical wire 

Antenna guy rope Wire* cloth belts 

Guy Stakes Rocks* vehicles* trees* tent pins 

Whip antenna U1re« UD-T* coaxial cable 

PuTTeys Wire* nylon rope 

Insulators Plastic rings* spoons* and bags* wood* rope* rags and bottTe:»* 
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Tdble AI-3* Field Tool Kit 

The following ts d list of tools and equipment which will did In the construction and 
erection of flelo intemids* 



1 each large screwdriver set with sizes of flet bUde screwdriver blades* 1 Phillips 
blade and 1 awl stored In handle* 

1 each Small screwdriver set» Jeweler's s1ze» similar to above item* 

1 each lonanose pliers* 

1 each Pliers* 

1 each Miniature flashlight using 1 size AA cell» with 2 spare bulbs. 

1 each KlckeVcadmlum AA cell* 

1 each Cleaning brush* electric shaver type* 

1 each Conpass* button type* 

1 each Magnifying glass* 

3 each Oil capsule* clear color* 

8 each Stick pins* for use with Indoor antennas* 

1 each Eraser* 

1 each Cleaning cloth* 

2 each Plastic electrical tape stripe* 
2 each Pipe cleaners* 

1 each Aluminum foil* 6x6 Inches* for Juaq)1ng fuses* 

lOm Receiving antenna ^Ire* 

1 each Key* socket head screw; c/o 11 hex short arm keys* (Allen wrench) 

1 each Tweezers* Craftsman* 

1 each Wrench* open^end. 

1 each Pen-knife* 

1 each Dikes (wire cutter)* 

1 each Drill (hand)* 

1 each Soldering torch (pocket type)* 

1 each Solder (small spool)* 

1 box Metal screws H* 

1 box Machine screws 14-40* 

1 box Kuts 14* 

1 box Washers 14* 

1 box Solder lugs 14* 
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Table AI-3. Field Tool Kit— continued 



1 box 


NalU. 


1 box 


Hammer. 


In 


Insulated wire #16. 


Sn 


Coaxial line (SO ohm). 


4 e«ch 


BNC connector. 


30n 


Hylon twine. 


6 each 


Break up Insulator. 


1 each 

I WWII 


UatAt* olnft damn. 


1 each 


Broa(ttiand Balun. 


6 each 


Alligator Clip. 


1 each 


6" Crescent wrench. 
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AfPENOIX II 

ELECTROMAGNETIC COHPATIBILIITY ANALYSIS CENTER (ECAC) CAPABILITIES AND SERVICES 
8ACKGR0UND 

The effectiveness of the conmnd, control, and comnunlcatlons system, the ability of the 
system to respond to a rapidly changing tactical situation will determine the degree of 
success on the nodern battlefield. The growing Importance of effective communications systems 
has Increased the requirement for accurate and timely communications-electronics engineering 
analysis support for coobat units. The Oolnt Chiefs of Staff (OCS) has established support to 
operational units as the highest priority of the Electromaanetlc CMipatlblllty Analysis Center 
(ECAC). Operational support Is defined as the "Connunlcations-Electronlcs (C-E) engineering 
analysis provided by ECAC to the Oolnt Chiefs of Staff, Unified/Specified Commands, and 
operational commanders to assist In the execution of their mission.** Operational support to 
the Marine Corps consists of providing C-E engineering analysis support to Harlne Corps units 
to ensure the efficient use of C-E equipment resources and to attain compatibility with the 
envlrontitent. 

ECAC has been providing operational support to the ftarlne Corps since 1973. Much of the 
analysis support has been on a rapld-response basis to requests by Marine Corps communications 
personnel during exercise or contingency planning. Some of the exercises the ECAC has 
supportet: Include: KANGAROO II, Oune 1976t 3D HAW OAVELIN, Oct 1976t RAVEN 8UTTE, Feb 1977*. 
SOLD GUARD and NORTHERN WEDDING, Sep 1978; and MAGEX 80, Korea, 1980. Examples of long tern* 
exercises that ECAC has supported are; TEAMUORK 76 and 80, DISPLAY DETERMINATION 77 and 79, 
and the SOLID SHIELD series. ECAC-CR-77-051, entitled RAPID RFSPOIISE OPERATIOtJAL SUPPORT TO 
THE U.S. MARINE CORPS, and published In August 1977, described the operational support 
analyses available to the U.S. Marine Corps. Since then these analyses have been upgraded and 
the responsiveness to Marine Corps operational units has been Increased. 

OBJECTIVE 

The objective of this report Is to describe the various analytical capabilities and Input 
data required for Harlne Corps co.„..nii.1cat1ons-e1ectron1cs engineering and electromagnetic 
compatibility support. 

ixute : Appendix 11 Is professional reference !;uiter1a1 designed to enhance 
your abilities ONLY; this Information Is not tested In this course. 
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OPERATIOMAL SUPPORT 



OPERATIOWAl SUPPORT ANALYSIS CAPASaiTIES 

Thd C-E Annex (Annex K)« to the Operation Plan/Order Is d<!ve1oped by Identifying the C-E 
equipment and personnel resources needed to support the connander^s concept of operations^ 
The anticipated physical and electronic environment Is then Identified and an assessment made 
as to how the environment will affect the unites ability to £cconp11sh Us mission^. ECAC 
provides operational support by assisting Marine Corps units In Identifying the physical and 
e^ectronlc-envlroranent and then providing analysis support assessing the effect of the 
environment on the unites ability to accomplish Us mission^. The following are representative 
of the types of operational support analyses that are provided to Harlne Corps units on a 
regular basis: 

ill Radio Une-of-slght coverage overlays** 

2) C/E equipment signal coverage overlays** 

3) HF skywave propagation charts* 

4) HF groundwave propagation predlctfons* 

5) 4/3 earth terrain profiles* 
61 Point-to-point muUlchannel circuit reliability* 
7) Limited frequency analysis* 

* Indicates that digitized tropagraphic data Is required to provide the analysis* 

ECAC*s data base contains digitized topographic data obtained from the Oefense Mapping 
Agency for the following general areas: CONUS^ Hawaii* Southern Alaska* Korea* Northern 
Canada* Canadian and Mexican border areas* most of Europe* Mediterranean coastal areas and 
larger Islands* Persian Gulf area* the other Middle Eastern Countries* and Southeast Asia* 
Other data blocks have been requested from the r«fense Mapping Agency (OMA) and will be added 
to the ECAC data base upon completion of the digitizing process by DMA* 

LINE^F-SIGHT (LOSl COVERAGE OVERLAYS 

LOS coverage overlays Indicate the radio LOS around radio and radar equipment* This 
analysis Is especially useful In choosing antenna location for tactical radios* microwave 
terminals* and other LOS communications equipment* Figure AII-1 Is an example of a contoured 
radio LOS coverage overlay for a tactical transmitter* Tick marks on the contour lines point 
to the areas In which there Is radio LOS to the transmitter* Radio LOS covera^ overlays may 
also be produced where X*s Indicate no radio LOS to the transmitter and blanks Indicate radio 
LOS* Figure AII*2 Is an example of a highspeed printer (HSP) LOS coverage overlay using X*s 
and blanks to Indicate radio LOS* The HSP option for LOS coverage overlays takes less 
computer time to produce and are especially useful for selecting radio relay points* 
Therefore* this type of output may be produced depending on the analysis requirements* 
Overlays are normally provided at a map scale of 1:2$0*000* but may be varied to meet user 
requirements* Figure AIN3 Is an exairple of an LOS coverage overlay for a radar equipment* 
The coverage contours on figure AII-3 provide a plot showing the target acquisition distance 
versus azimuth for targets at various aUltudes* Target altitudes may be specified above mean 
sea level or above terrain* In this example target aUltudes of S* 10* 15* and 20 thousand 
feet above mean sea level are specified* Radio coverage overlays are usually provided In 16" 
X 12** sl2e for a 1:3*000*000 scale map* but other map scales can be provided as required* The 
coverage contours on figure AII-3 represent points at which a target flying directly toward 
the site* at the azimuth and altitude Indicated* will first be detected* Figure AII-4 Is an 
example of a radar coverage overlay for a target at an altitude of 1000 feet AGL* and 
Illustrates radar coverage when an aircraft or missile Is using terrain-following tactics* 
The following Information Is required by ECAC to produce LOS coverage overlays: 
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Fig All-l. Contoured radio Itne-of-slght overlay. 
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Fig AU-Z* High-speed print radio line-of-sight overlay. 

13^ 



TARGET ACQUISITION OVERLAY 



TRANSVERSE IIERCATOR PROJECTION - SPHERE 

SITE IDENTIFICATION: SAMPLE SITE LATITUOE: 34 OEG 15 MIN 19 SEC N SITE LONGITUOE: 

118 OEG 18 MIN 40 SEC W 

MAP RATIO: 3000000: 1 REFRACTIVITY INDEX: 285. ELEVATIONS EXTRACTED OY 4 POINT METHOD 
ELEVATIONS CALCULATED AT 30 $ECONO INTERVALS SITE ELEV(rT) :2837.00 ANTENNA HEIGHT{rT): 20.0 
ALTITUDES ARE ABOVE SER LEVEL 7 INDICATES HISSING DATA X INDICATES SITE LOCATION OTHER 
SYMBOLS: 5 10 15 20 

TARGET ALTITUDES: 5000.00 10000.00 15000.00 20000.00 




Fig AlI-3. Radar LOS coverage overlay at multiple altitudes. 



^^llJ>?,.,,^^ll Vrl\ SURFACE ID MftP RATIO SCALE PROOECTIOH 
SAMPLE PLLM DS (FT) 3 1000000 1.00 T M SPHERSID 

Fig AII-4. Rad«r LOS coverage for terrain-following tact1«. 



Aii-6 l3i 



(1) Map scale (1:3»000»(K)0 imp scale will be used for radar equlpnent coverage unless 
otherwise specified* 1:250»O0O will be used for radio equlpinent coverage unless 
otherwise specified). 

(2) Site coordinates In UTH (geographic optional). a**) 
ii) Transmitter antenna height. 

(4) Receiver antenna height (for radio equipment) or target altitude above mean sea 
level or above gtct^nd level (for radar 10$ coverage). 

COHItUHlCATlOWS-ElECTROHlCS tC-E) EQUIPHEWT SIGNAL COVERAGE 

C-E equipment signal-coverage overlays are used to depict the signal strength around a 
transmitter taking Into account such circuit parameters as transmitter power, antenna ga1ns» 
receiver sensitivity, and topooraphlc data describing the Path. Two typical applications of 
this capability are: (1) prediction of the area of reliable conmini cat ions for tactical 
conmunlcatlops eouipnent and (2) determination of the susceptibility of friendly C-E equipment 
to eneny jaianing/intercept. $igna1*coverage overlays are produced to scale (normally at 
1:25O»O0o) and may be used directly with standard) military maps. Figure Att-S is an example 
of a VHF area sIgnaNcoverage overlay. The following Information Is required: 

' (1) Equipment nomenclature. 

(2) Site coordinates In UTM (geographic optional) 

(3) Site elevation. 

(4) Antenna heights. 

(5) Optional Information 1f known, transmitter power, ep1$s1on» receiver sensitivity. 

(6) Antenna gain. 



> If DTH either grid zone and square (1. e.» 11SKG635a45)» or grid zone and full UTtI 
coordinates (1. e.» 463500E 3684500N) must be provided. 

UTtI • Universal Transverse Mercator. 
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Fig AII-5. VHF signal-coverage overlay. 
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HF SKY WAVE PROPAGATION KREDlCTlOW 



HF sky wave propagation predictions describe the usable frequencies and the circuit 
reliability betwettn a transmitter and receiver. Flaures An-6 Urou^ 9 Illustrate the most 
comron formats for CCAS HF predictions th«t are available to Rf units (methods A through D). 
Methods A «nd D provide the frequency of optimum transmission (fOT), t&ke^off «ng1e (AN6) and 
reliability (In V between two points for a 24-hour period. Hethods B «nd C provide 
predictions for the naxinnim usable frequency (MUF), FOT and the lowest us«b1e frequency (lUF) 
for an HF sky wave. The following Input data Is required by CCAC to produce an HF sky wave 
prediction. 

(1) Day» montht year of start and end of transmission. 

(2) Transmitter site name. 

(3) Receiver site name. 

(4) Transmitter and receiver site coordinates In UTM (geographic optional). > 

(5) Emission type. 

(C) Transmitter power. 

(7) Typ^ of earth at each antenna (sea water, desert, marsh, average soil, etc.). 
^8) Antenna type (whip, dipole, AS-2259, etc.). 
(9) Antenna height and/or length. 

(10) Reitarks, VF Sky wave Propagation Prediction Desired (method A, B, C, D). ^tethod 
A will be provided unless otherwise specified. 



' If Uir;, either grid zone and square (1. e., 11SMG635845), or grid zone and full UTM 
coordinates (i. e., 463500E 3G84500N) must be provided. 
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METHOD A 



RESULTS FOR FEB t. 1981 TO F£8 28, 1981 10 CM FLUX 185.1 SUNSPOT I 142.0 

CHERRY PT NC TO BERMUDA AZS MILES KM. 

34-35- ON. 77-17- OM 32-22- ON, 64-4t- OU 106.38, 300.25 741.6 1193.5 
XNTR: CDNSTNT GAIN .OH L 
RCVRi CDNSTNT GAIN .OH L 

CRD CONSTS. XNTR: C0ND-*.0278 DIEL^lS.OO RCVR: COND° .0278 DIEL-lS.OO 



POWER- 1.00KW 3 M«Z NOISE». 



-148.608U/HZ TIME' 
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90 PERCENT IwtM7.008*HZ 
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CHERRY PT NO TO BERMUDA 

Fig AII-6. HF sky wave propagation prediction, method A. 
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METHOD 0 



RESULTS FOR FEB 1, 1981 TO FEB 28* 1981 SUNSPOT # 142.0 

FROM CHERRY PT NC 34-35-ON 77-17-OW LHH EQUALS GMT-5 

TO BERMUDA 32-22-ON 64-41-OU LKTT EQUALS GMr-4 

AZIMUTHS: 98.38, 28S.3S MAG AZIMUTHS: 106.38, 300.25 

XMTR: FREQ 2 ,0-30.0 CONSTNT GAIN .0 D8 
PCVR; FREQ 2.0-30.0 CONSTNT GAIN .0 DB 
PATH LENGTH: 741.C MILES 1193.S KM POWER: 1.00KU 
3 MHZ noise: —148.6 08W/HZ RSN: 47.0 08*HZ TIME: 90 PERCENT 
***HOURS IN GMT *** ***FREQUENCIES IN KHZ *** 

DATA IS FOR THE HOST RELIABLE MODE. 
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Fig An-7. HF sky wave prop«g«t1on prediction, method B. 
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RESULTS FOR FEB 1* 1981 to FEB 28» 1981 SUNSTOT I 142.0 
FROM CHERRY PT NC 34-35-ON 77-17-OU LMTT EqUAlS GMT- 5 
TO BERMUDA 32-22-ON 64-41 -OH LKTT EQUALS GMT- 4 

AZIMUTHS: 98.38» 285.35 WG AZIMUTHS: 106. 38» 300.25 
XMTR: FREq 2.0-30.0 CONSlin GAIN .0 D6 
RCVR: FREq 2.C-30.0 CDNSTiHT GAIN .0 D6 
PATH LENGTH: 741.6 MILES 1193.5 KM POW£R: 1.00KW 
3 IWZ NOISE: -148.6 DBM/H*: RSN: 47.0 DB*HZ TIME: 90 PERCENT 
*** HOURS I» GMT *** *** FREqUENCIES IN MHZ *** 

DATA IS FOR THE MOST RELIABLE MODE. 
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ttOTE: RELIABILITY FiqURES ARE CALCULATE!' AT THE FOT 

XXX lUDICATES THAT THE LUF IS GRE/TER THAN THE FOT 

F1g AII-$. HF sk^wave propagation prediction* method C. 
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METHOD D 



HF POINT-TO-POINT FEB 1981 
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Fig AII-9. HF sky wave propagation prediction, nethod D. 
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HF GROUND WAVE PROPAGATION PREDICTION 



The tlF Ground wave Propagation Prediction provides the range* In kilometers* over which a 
ground wave signal may be reliably rectlved during a 24*hour period* taking Into consideration 
the path distance* transmitter power* emission* antenna* and the ground constants 
(permittivity and conductivity) of the vertical axis* distances along the horizontal axis* and 
a plotted line generally running diagonally across the graph. Combinations of frequency and 
distance to the left of the plotted line Indicate HF ground wave communications for that 
circuit that should be reliable for any hour during the day* Combinations to the right of the 
plotted Hue should result In unreliable communications. Requests for the HF Ground wave 
Propagation Predictions may require that ECAG have a map (at least 1:250*000 scale or larger) 
of the area* In which case an additional two weeks of elapsed time will be required to provide 
the analysis If ECAC must order maps. Calculations used to produce the HF Ground wave 
Propagation Prediction do not consider the effects of atmospheric ducting* detailed 
topography* or foliage. ECAC requires the following Input data: 

(1) Transmitter site name and coordinates In UTH (geographic optional)* 

(2) Transmitter Nomenclature. 

(3) Transmitter Power (watts). 

(4) Emission. 

(5) Transputer and Receiver Antenna Heights (feet). 

(6) Month and year of use. 



4 If UTMf either grid zone and square (i. e.* llSMG63S84S)f or grid zone and full UTM 
coordinates (1. e.* 463500E 3684!)00N) must be provided. 
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DISTANCE IN KILOMETERS 

CIRCUIT PARW'IETERS 

1. mOU 3KO0J3E 32FT VERTICAL WHIP 

NOTE: COHBIHATIONS OF FREQUENCy AND DISTANCE TO THE LEFT OF A PARTICULAR LINE 
SHOULD RESULT IN RELIABLE GROUNDUAVE COMIUNICATIOKSt THOSE COMBINATIONS 
TO THE RIGHT SHOULD 8E UNRCLIAaE. 

FI9 All-tO. HF ground wave propagation prediction. 
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4/ 3 EARTH TERRAIN PROFILE 



Mguri! All-n Illustrates a terrain profile along the great^clrcle path between two 
points. Thp terrain profile shows the earth's curvature modified to an effective earth radius 
of 4/3 In order to show the refracted radio ray as a straight line. Site elevation Is 
Indicated along the vertical axis and distance Is Indicated along the horizontal axis. The 
dashed line Indicates radio llne^of.slght along the path. The transmitter and receiver site 
name^ latitude and longitude^ and antenna height are Indicated at the top of the terrain 
profile. ECAC requires the following Input datr: 

(1) Transmitter and receiver site name* 

(2) Transmitter site coordinates In UTM (geographic Optional).^ 

(3) Transmitter and receiver site elevations above sea level. 

(4) Transmitter and receiver antenna height. 

POINT-TO-POINT HULT1CHAWN£L CIRCUIT RELIABILITY 

This analyiils provides F^F units with an estimate of the reliability of multichannel 
systems prior to deployment. System reliability Is predicted by determining the 
terraln^dependent path loss, received signal power, and estimated fade margin. The analysis 
also determines whether the mode of propagation Is llne-^of -sight, troposcatter^ knife edge, or 
combination of modes. Figure AII-12 Is an example of a reliability prediction for a number of 
AN/TRC->97 paths. Data provided In the prediction Include path distance, great circle azimuth, 
horizon angles, and the reliability percentage. The following Input data Is required by ECAC: 

(1) Transmitter and receiver site coordinates In UTM (geographic optional).* 

(2) Transmitter and receiver site elevations above sea level. 

(3) Equipment nomenclature. 



1 If DTM, Pither tjrid ^one and square (1. e., nSMG635H4E>), or grid /one and full UTM 
coordinates (1. e.^ 463500E 3684500N) mu'it be provided. 
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HILL 76 TO HILL 795 
TERRAIN PROFILE - 4/3 EARTH 



TX LAT. 37-4-27 N TX LON 127-2-29 E RX LAT. 37-56-3 N RX LON 127-24-41 E 
TX ELEV - 249.00 FT RX ELEV - 2600.00 FT 
TX ANT HGT • 15.00 FT RX ANT HGT - 15.00 FT 




Fig AII-ll. 4/3 earth terrain profile. 
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LOS-RE • LiriE-OF-SIGHT»' ROUGH EARTH» EMPIRICAL MODEL USEO IF THE RAY PATH IS UNOBSTRUCTED AND t'EAR THE EARTH"S SURFACE 

LOS-FS - LINE-OF-SIGHT»' FREE SPACE (ItlVERSE SQUARE) LOSS IF THE RAY PATH IS UNDOBSTRUCTED AND WEIL ABOVE THE EARTH*'S SURFACE 

LOS-IR • LI»E-OF-SIGHT»' TRANSITION MODE» BASEO ON A WEIGHTED C0t4BItlATI0N OF LOS-FS AND LOS-RE PREDICTIONS 

KEB-S • BEYOND LINE-OF-SIGHT SINGLE KNIFE-EDGE MOOEL USING COmON RADIO HORIZON GEOMETRY 

EFFKE • BEYOND LINE-OT-SIGHT MODEL FOR INTERMEDIATE REGION PROBABLY AT OR JUST BEYONO WZ RADIO HORIZON 

EFFRED • WEIGHTED COttBINATIOt) OF EFRE AND RED MOSE WHEN RADIO HORIZONS ARE LESS THAN 2 ST. MK APART 

REO - ROUGH EARTH DIFRACTION tWDEL 

TROSC - ROUGH EARTH TROPOSPHERIC SCATTER MODEL 

EFFOBL • DEYOUND LINE-OF-SIGHT MODEL FOR LONGER PATHS USING DOUBLE KNIFE-EOGE GEOMETERY 

DIFSCI • WEIGHTED COHBIKATION OF RED ANO TROSC ttODES WHEN LOSS PREDICTIONS FROM THEM ARE WITHIN IB DB OF EACH OTHER 
DIFSC2 - WEIGHTED C0I1BINATION OF DIFSCI AND EFFDBL MODES FOR LONGER PATHS WITH TRAVSITIONAL GEOMETRY 
DIFSC3 - WEIGHTED COMBINATION OF TROSC AND EFFDBL MODES FOR LONGER PATHS WITH TRANSITIONAL GEOMETRY 
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Fig AII-12. Mult1ch«nnel circuit reliability prediction. 
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(4) Transnltter and receiver antenna height* 

(5) Transmitter and receiver horlion anales* If critical (If not critical ECAC's 
coi^uter will calculate horizon angles from the path profile)* 

FREQUENCY AWAIYSIS 

This analysis capability provides the requesting unit a list of frequencies compiled from 
a user-supplied resource list that will not cause or be susceptible to harmnic or 
Intermodulatlon Interference among themselves* Table AINl Is an exantple of such a frequency 
list* Intermodulatlon of two-signal and three-slonal products are tested for» as are 
harmonically Interfering frequencies* The remaining frequencies from the resource list are 
listed separately from the Intermodulatlon^ and harmonlc^free frequencies In the order of 
preference of use» If necessary* Data required by ECAC Is as follows: 

Table AII-1* Prioritized Frequency List 
(all frequencies are In HHz) 

Interference-free Frequencies* 
30K0F3E Frequencies (10) 

31*20 34*33 38*95 44*50 61*45 

32*80 36*00 40*^5 54*60 62*60 

ORDER OF PREFEREMCE OF INTERFERING FREQUENCIES 
(All frequencies are in tWz) 



1. 


46.00 


4. 


34.75 


7. 


61.80 


10. 


65.40 


13. 


41.90 


2. 


$5.35 


5. 


41.75 


8. 


34.75 


11. 


61.80 


14. 


46.95 


3. 


39 .&0 


6. 


32.15 


9. 


36.35 


12. 


60.15 


15. 


65.75 



* All of the 1nterferentu*ffee frequetKles are free of harmonic and two- and three-sljnal 
Intermodulatlon* Of the *iterfer1ng frequencies* those at the beginning of the list (e* g*» 
46*00» 65*35* etc*) should be used first* 

(1) Frequency resource listing Indicating the planned emission* 

(2) Radio guard chart (If required)* 

AODITIONAl OPERATIONAL SUPPORT SERVICES AVAIlABlE FROM ECAC 

Varying degrees of operational support are available from ECAC» ranging from the 
representative operational support requests discussed above to complete and total exercise or 
contingency communications engineering for areas throughout the world* Analysis capability is 
not limited to the previously described output* but may also consist of: 

(1) Hore comprehensive propagation analysis (e*g*» S/N and s1gnal*level contours* sky 
wave or ground wave comparisons* etc*)* 

(2) Complete listing of all frequencies currently In use for any area of Interest* 

(3) Antenna radiation patterns from nost connonly used types of antennas* 

(4) Frequency assignment reconmendatlons (based on propagation and EHC 
considerations) * 

(5) Determination of antenna locations for best coverage of beaches* objective areas* 
or avenues of approach* or for best shielding from unwanted Intercept* 

(6) The most reliable means of comnunlcatlng between two points* 

(7) Topographic data not currently In the data base, but which may be added with 
sufficient advance notice* 
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PRvCTICAL EXAMPLES OF ECAC Ol ERATIOKAL SUPPORT 



DETERMINING THE Mm C0V,RA6E AROUND A TACTICAL A1R8ASE 
Situation 

A Marine Air-Ground Task Force (MAGTF) Is participating In a NATO exercise which will call 
for the phasing ashore of the air assests and associated air control functions. The air 
defense as well as control of the airspace must be planned. The requlr^nnents ?re to determine 
the r?dar coverage around the airbase for targets using terra1n*fo1 lowing techniques and 
determine the radar coverage for air control of friendly aircraft. 

Approach 

The Air Officer Identifies possible radar locations for both search and fire control 
radars. Target altitudes for friendly aircraft of 5« 10« 15« and 20 thousand ft above mean 
sea level (MSL) and enemy aircraft of 1000 ft above ground level (AGL) are Identified. ECAC 
Is requested to provide overlays that will show radar coverage at the specified altitudes for 
air control purposes and also provide radar coverage overlays for enemy aircraft using 
terraln-foUowIng techniques at various altitudes. The overlays for each radar site are 
produced to a scale corresponding to maps held by the MAGTF. 

Required Information 

(1) Equipment nomenclature. 

(2) Map scale. 

(3) Radar site coordinates In UTM (geographic optional). 

(4) Transmitter antenna heights. 

(5) Target altitude*; (Fr1end1y-MSl« Enemy-AGL). 

Output 

Radar LOS coverage overlays are produced to show the radar coverage (for tar9ets either 
MSL or AGL) from each proposed radar site. Figures AII-3 and AIN4 Illustrate the types of 
coverage overlays that would be produced. Using these overlays the Air Officer can determine 
the adequacy of the radar coverage from the proposed sites for friendly air control and for 
defense against enemy aircraft. The Air Officer can then recommend radar sites based on his 
analysis or consider additional sites for analysis* If necessary. 

DETERMINING THE OPTIMUM GROUND SURVEILLANCE RADAR OEPLOYMENT LOCATION 

Situation 

The Commanding Officer of the 2nd Sattallon 6th Marines plans to deploy the battalion 
ground-^survelllance radar during an upcoming exercise. The battalion commander wants to 
employ the ground surveillance radars to aid in detection of enemy forces and has Instructed 
the S-3 to determine the optimum location for deployment of the equipment. 

Approach 

8y conducting a map study* tentative positions for deploying the radar are Identified. 
ECAC Is requested to provide 2/6 with radar LOS coverage overlays at a scale of 1:?50«000 for 
these locations. The radio LOS coverage overlays will Indicate the LOS coverage from each 
location and« conversely* show gaps In the radar coverage. 



^ If iJTM« eUher qrid zone and Square (i. e.« 11SMG635845)« or grid zon^ and full UTM 
coordinates (1.e.« 463&00E 3664&00N) must be provided. 
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Requi red Information 

(1) Stte coordinates In UTH (geographic optional). 

(2) Site elevation* 

(3) Antenna height. 

(4) Equipment noronclature. 

Output 

lOS coverage overlays for each proposed site are produced (figure AII-U). For this radar 
site avenues of approach Red and Green are not under surveillance by the radar« ^Ue avenue 
of approach Blue Is well covered. Based on the coverage from oach of the proposed radar 
sites* the cornnunlcatlons officer can recocnmend an optimum location to site the equipment. 

DCTERIUSUtii THE lOCATIOS OF A VHF FH TACTICAL RADIO RELAY SITE 

Situation 

The Co«mjn1cat1ons*Electron1cs Officer of the 4th HAB must ensure that VHF F(l 
coimHJnIcatlons are available between the 4th ttAB headquarters and the 6th Marines CP locations 
for an upcoming exercise. The exercise play will extend the cornunlcatlort ranges for the VHF 
m tactical radios so that LOS communications between the two CP's will not be possible. A 
radio relay site needs to be selected to ensure that LOS tactical cocijunlcatlons are 
maintained. 

Approach 

Tentative CP locations for the 4th ItAB and 6th Marines are Identified. VHF radio LOS 
coverage overlays are requested for the proposed relay sites. 



^ If UTtU either grid zone and square (1. e.j llSriG635845), or grid zone and full UTH 
coordinates (1. e.« 463500E 3684500N] must be provided. 
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Fig An-13» Ground surveillance radar coverage. 
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The LOS coverage overlays will Indicate the radio LOS froit each of the proposed relay sites 
and will aid In S(>1ect1n9 the site that provides radio LDS to both CP locations. 

Required Information 

(T) Equlpoent nooenclature. 

(2) Hap scale of the overlay. 

(3) Site coordinates In UTM (geographic optional).^ 

(4) Transmitter antenna height. 

(5) Receiver antenna height. 

Output 

Radio LOS coverage overlays are produced at the scale requested (normally 1:250*000). 
FlQures Att-H ano Alt-IS Illustrate the overlays produced to solve the problem of finding a 
suitable radio relay site. The LOS coverage overlays show that relay site A Is not acceptable 
because there Is no radio LOS to both CP^s while site ft provides radio LOS to both CP 
locations. Therefcre* relay site B Is selected as a relay for the exercise. 

DETERHIHIWG THE AREA AROUMD A TRANSMITTER IM WHICH RELIABLE COMWUHlCATlOHS ARE POSSIBLE 

Situation 

The coTtinunlcatlons officer of the 8th Harlnes Is planning the coamunlcatlons support for 
an upcoming exercise. Based on a preliminary analysis of the operation plan* he has concluded 
tha^ the personnel equipment resources of the communications platoon are Inadequate to support 
the scheme of manc^jver. Specifically* the plan will require that a nuober of VHF FM radio 
relay sites be established In order to provide reliable communications froo the regimental CP 
to the maneuver battalions. If some of these relay sites could be eliminated* the 
communications platoon could support the exercise. Otherwise* the commanding officer must be 
advised that additional equipment and personnel are required. 

Approach 

Location' for the regimental CP are determined. Based on these locations and the possible 
location of other CP's* the area In whfch tactical communications will be required Is 
defined. 0>1ng the parameters for the equipments and antennas* estimates of the transmitter 
power levels around the regimental CP location can be made taking Into account signal power 
losses from both terrain and vegetation. In this case a previous recon of the area has shown 
that vegetation will not be significant In attenuating the transmitter signal. ECAC Is 
requested to provide signal-coverage overlays from each regimental CP location using 
parameters representing the C-E equipment and antennas that will be deployed. The 
signal -coverage overlays can be produced to Indicate reliable areas of communication around 
the regimental CP. Proposed aneuver battalion locations will then be plotted on the overlay 
and a determination made as to whether reliable communications are possible between the 
reglnrent and battalion CP's. If reliable coinminlcatlons are possible* a recoimnendatlon could 
be Qvade to eTIhilnato some of the planned VHF radio relay sites. 

Required Information 

(1) Equlptfient Nomenclature. 

(2) Site coordinates In UTfl (geographic optional).^ 

(3) Site elevation. 

(4) Antenna heights. 

(5) Transmitter power* emission and receiver sensitivity. 

(6) Antenna gain. 



^ If UTM* either arid zone and square (1. e.. 11SHG63Sd4S)* or grid zone and full UTh 
coordinates (1. e.* 463S00E 3684S00N) must be provided. 
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GRID SHOWING DEGREE OF SHIELDING 
Fig AII-14, VHF radio relay site selection, site A, 
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Flq AlI-16, VHf radio relay site selection, site B, 
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l4e(rW«'ft VtgiLt) \ i*w\ (HSL) contour over )3ys are produced for f>ach proposed regimental CP 
location (figure All-1*>). The overlay shows tl>e regimental CP locations and planned maneuver 
battalion locations. The hashed area Indicates where reliable cotimunlcations from the 
regiment can be expected. For Instance* If battalion CP's were established at Sites A and C« 
reliable communications with the regimental CP would be expected. Sites 6 and D are In an 
area of predicted unreliable communications. If planned battalion CP and relay locations are 
In areas of reliable communi cations* then the requirement for a radio relay would be 
eliminated. These overlays allow the user to assess are^.s of reliable communications against 
planned radio relay and battalion CP sites and then make a determination as to whether some 
planned relays could he eliminated* thus freeing up equipment and personnel resources to 
support the exercise. 

DETERHIKING THE SUSCEPTIBILITY OF C-E TRANSMITTERS TO ENEMY RADIO DIRECTION FINDING 
Situation 

TKe unit Is scheduled to participate In an exercise in which Electronic Warfare (EU) play 
win be stressed. The communications officer Is responsible for ensuring that deployed c*E 
ec]Hipment takes Into account the ability of the enemy to conduct direction finding (DF) 
optTatlons aqalnst the unit C-E transmitters. He Is especially concerned about the VHF FM 
radio employed on the tactical circuits. The S-3 has asked that recommendations be made for 
CP locations that will minimize the enemy'c capability of conducting successful direction 
findinri operations against the VHF FM C*E equipment. 
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Fl9 AII-16. Predicting reliable VHF radio conr.iun1cat1ons» 



iAtU i>roimM'c1 friendly location Identified. The S-? Is contacted for Information 
concerning poss)1))e enemy OF unit locations. Based on this location data and equipment 
characteristics of the friendly C^E equipment and the enemy l)F equipment* slgnal^coverage 
overlays can be produced which will Indicate areas In which friendly transmitters are 
susceptible to enemy DF operations. ECAC Is contacted and requested to produce 
slqnal-coveraqe overlays which will Indicate the susceptibility of each proposed battalion CP 
Incation. The overlays are requested at a scale of l;250»0O0 so that they can be used with 
maps held by the unit. Ideally* CP locations can be found that will allow for tactical 
communications between friendly units yet hinder the enemy* through terrain masking* from 
successfully employing his t3F capability. 

Required Information 

(1) Equipment Nomenclature (friendly and enemy). 

(?) Site coordinates, enemy and friendly, In UTM (geographic optional).^ 

(3) Site elevations (friendly and enemy). 

(4) Antenna heights (friendly and enemy). 

(6) Friendly transmitter power* emission and enemy recf^lver sensitivity. 
(6) Friendly and enemy antenna gains. 

Otjtput 

Signal -coverage overlays are produced at a scale of 1:250*000 for each of the likely enemy 
DF locations (figure AIN17). Each overlay illustrates the ability of the suspected OF units 
to intercept the VHF FM transmitter signals from the proposed battalion CP's. Using these 
overlays* recommendations for CP locations are made to the 5*3 which can limit the 
effectiveness of the enemy's OF capability. In this case proposed battalion CP s**^ B would 
not be used because of the likelihood of successful OF operations against friendly C-E 
equipment at that location. 

^^■^^^!f^^j^^/^'^^_^^9^^!^l^'^ JAMMER SUCCESS IN JAMMING REGlMENT^TQ-BATTALlQN COMMAND 

AND CONTROL AND CONTROL CIRCULTS 

Situation 

The Heqimental Communications Officer Is planning for an exercise In Europe. The 
Commanding Officer is concerned that aggressor forces will jam his command and control 
circuits to the two maneuver battalions playing In the exercise. The regimental CO requests 
recomnendations for CP locations that will minimize the enemy's ability to jam the regimental 
command and control circuits. 

Approach 

Receivers at the battalion CP locations will be more susceptible to jamming than will 
receivers at the regimental CP location because of their proximity to the enemy. Therefore* 
selection of hattrtlion CP locations will be critical In limiting the effectiveness of the 
enemy's jamming caoahlllty. Assuming that a reliable circuit Is possible between the 
battalions and the regiment* slqnal strengths can be predicted from C-E equipment the 
regimental CP versus signal strengths from enemy jammers in the operating area and an 
assessment made of the effectiveness of enemy jamming signal strength will be more powerful 
than the friendly signal strenqth. ECAC Is requested to provide J/S contour overlays for each 
Proposed reqimental CP location. 

Tentative reqimental CP locations and enemy jammer locations are Identified alonq with 
L**rhnicfll parameters of fr iendly VHF FM radios and the enemy jammers. The J/S contour 
twrrhiys will be produced to a scale usable with maps held by the regiment. A J/S ratio 
t^Hoter than zero will Indicate that ^he VHF FM radlu at that location Is susceptible to being 

.jammed. 



[t i][M. -either qriti /one .ind squiire (1. e.* nSMG636a4S)* or gird zone and full UTM 
foc^rdinates (i. e.* 463SOnE 3684^nON) must be provided. 
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Area susceptible to enemy direction finding. 
Fig An-17. Predicting susceptlbilUy to enemy 
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Fig AIt-18. J/5 signal coverage overlay. 
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Recjulrei) Informatlqn 

(1) Lqulpnient nontenclature (friendly and enen^). 

(2) Site coordinates for Regt. CP and jamnier locations In UTM (geographic 
optional). ^ 

(3) Site elevation (friendly and enemy). 

(4) Antenna heights (friendly and enemy). 

(5) If known, transmitter povier and emission (friendly and enemy). 
(G) Antenna gain (friendly and eneifty). 

Output 

J/5 signal-coverage overlays are produced which show the jammer-to-friendly signal 
coverage for each of the suspected jairtmer location (figure AII-18). Figure AII-lS shows the 
J/S ratio plotted at three levels TO, 0, and -20 dB« Tick marks point to the higher J/S ratio 
levels. It also shows two proposed battalion CP locations at points A and B. If battalion CP 
location A were selected these equipments would be susceptible to enenv jamming, since they 
would be located In an area In which the J/S ratio Is greater than zero. The proposed 
battalion CP locations at point B would be acceptable for planning purposes since the friendly 
radio signals would be greater than the jammer signal resulting In a J/S ratio of less than 
zero. J/S signal coverage- overlays are produced for each different regimental CP and jammer 
location. Using these overlays, recofnendatlons for battalion CP locations that will reduce 
the effectiveness of the enetqy's jamming capability are r^de. 

DETERMIHING THE OPTIMUM HF FREQUENCIES TO USE IN A PLANNED HF SKY WAVE CIRCUIT 

Situation 

The 1st Marine Brigade has a requirement to establish an HF circuit between 11CAS Kaneohe 
and HCAS El Toro. The Brigade CEO Instructs his frequency manager to determine what 
frequencies should be used on the circuit. The CEO also wants a recommendation whether the 
32*foot whip antenna could be Jsed on the circuit. 

Approach 

The frequency rjana^er Identifies the combinations of transmitter power, antenna, and 
emission that will be used on the circuit. An AUTODIN message Is prepared and sent to ECAC 
requesting an HF propagations for the path (figure AII-19). 

Required Information 

(1) Day, month, year of start and end of transmission. 

(2) Transmitter site name. 

(3) Receiver site name* 

(4) Transmitter and receiver site coordinates In UTM (geographic optional).^ 

(5) Emission type. 

(6) Transmitter power In watts. 

(7) Type of earth at each antenna. 
(0 Antenna height and/or length* 



^ If UTM, either grid zone and square {U e*. 



coordinates UTM coordinates 



>quare {U 
(i. e.. 



11SMG63584&), or grid zone and full UTM 
463500E 3G84500N) must be provided. 
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ISO 



K^4IIt(V/NOVfiO 

KM Cti FlKSI MAK BOE 

TO RUEBAFA/ECAC ANNAPOLIS MO//CH// 

INFO RUHQHQA/CG FMFPAC 

RIIH(}KBA/FIRST RADBN 

KUMJGFH/CG THIRD 

BT 

UNCLAS 

SUBJ: HF PROPAGATION PREDICTION REQOEST 
1. 5-31 OEC BO 
?. MCAS KANEOHE 

3. MCAS EL TORO 

4. 212712N 1574515M, 334029N 1174210W 

5. 3K00J3E 

6. 1KM 

7. AVG SOIL 

8. 32' MH.fJ 

Fig AIl-19. HF sky,yave propagation request. 

Output 

An HF propagation prediction Is provided by AOTOOIN for the requested path (figure A 
ll-?0). Based on this prediction, the frequency manager decides whether the 32-foot whip 
antenna can be used on the clr'^uit. 
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RCTUOJGZ RUE8AFA5362 3391702 0084-0000— RUHOKDA DUIIQHQA RUHUGFB. 

im UUUUU 

R C4]70?7 DEC 80 

m tCAC ANNAPOl IS MO//CH// 

TO RUHQKDA/CG FIRST IWR DOE 

INFO RUHCHOA/CG FHFPAC 

RUHOKBA/FIRST RAOEN 

RUH0KDA/C0MI1SPTC0 SEVENTH COriMBN 

RUWOGFB/CG THIRD MAW 

aT 

UNCLAS 

SUBO: REQUEST FOR IIF GROUNDUAVE PREDICTtOUS (U) 

A. FOtJECON FIRST ItAP BDE CEO/ECAC(SSGT AUTON/tIR SKIHNER) 19 UOV 80 

ECAC HF IONOSPHERIC PROPAGATION PREDICTIONS 
METHOD 'A' 

THE ACCOflPANYING PREDICTIONS DESCRIBE THE OPTIWM TRAFFIC FREQUENCY (FOT). THE 
RECOtlMEMDED RADIATION TAKE-OFF ANGLE (ANG) AND THE PREDICTED RELIABILITY (REL) FOR THE 
IHDICATEO CIRCUIT FOR EACH HOUR OF THE DAY AS A FUNCTION OF FREQUENCY. AVERAGED OVER A 
30 DAY PERIOD. 

IttST HF SKY WAVE CIRCUITS REQUIRE AT LEAST TWO FREQUENCIES - A HIGH 'HAY' AND A 
LOU 'NIGHT' FREQUENCY. IF THE RATIO OF DAY TO NIGHT FREQUENCIES IS 2 TO 1 OR GREATER. 
A 'IRAriSITION' FREQUENCY WILL USUALLY BE REQUIRED BETWEEN THE TWO TO MAINTAIN THE 
CIRCUIT DURING SUNRISE AND SUfUET. 

THE FOT IS THAT FREQUENCY UHICH WILL REFLECT FROM THE IONOSPHERE 90 PERCENT OF 
TIlL TIME. DAY AND NIGHT FREQUENCIES SHOULD DE CHOSEN THAT ARE SLIGHTLY BELOW THE DAY 
m NIGHT FOTS. AS CAN BE SEEN IN THE ACCOMPANYING PREDICTIONS. FREQUENCIES LOWER 
THAN THE FOT MAY HAVE AH OBVIOUSLY HIGHER RELIABILITY. THIS IS BECAUSE THE REL IS 
BASED ON THE PROBABILITY OF ATTAINING A REQUIRED SIGNAL-TO-NOISE-RATIO (RSN) AND IS 
THEREFORE A MORE ACCURATE MEANS OF DESCRIBING OPTIMUM FREQUENCIES. 

IF HIGH ACCURACY IS DESIRED. IT IS SUGGESTED THAT THESE 30-DAY PREDICTIONS BE 
AUGMENTED BY THE 24-HOUR PROPAGATION CONDITION FORECASTS ISSUED BY THE USAF GLOBAL 
WEATHER CENTER OVER AUTODIN WHICH ARE BASED ON CURRENT UORLD-UIDE IONOSPHERIC 
SOUNDINGS. 

RECOMMENDATIONS FOR CHANGES TO THESE PREDICTIONS OR QUESTIONS CONCERNING THEIR 
lIlTEPRETATIOn SHOULD BE DIRECTED TO ECAC'S OPERATIONAL SUPPORT GROUP (SAGO). AUTOVON: 
281-02452. THOSE ttELA'^ING TO PROJECT C001DINATI0H OR POLICY MATTERS SHOULD BE 
DIRECTED TO THE DEPUTY DIRECTOR FOR MARINi CORPS (Ctl). AUTOVON: 281-2555. 

F-lg AII-20. HF progagatlon prediction niessage. 
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PACE 02 PUE0AFA5362 UNCLAS 

ECAC HF IONOSPHERIC PROPAGATION PREDICTIONS 
METHOD A 



FOR DEC 1. 1980 TO DEC 31,1980 SUNSPOT #143.0 

FROM KANEOHE BAY HI 21-<;7-12N 157-45-15W 

TO EL TORO CA 33-40-29N 117-42-lOW 

AZltlUTHS: 62.1. 261.4 mc AZIMUTHS: 

XHIR: V. flONOPOLE 9.8 METERS L 

RCVR: V. MONOPOLE 9.8 METERS L 

PATH LENGTH: 2575.9 MILES 4U5.5 KM POWER: 1000. W 
3 mi NOISE: SUSURDAN RSM: 48.0 DB*HZ LUF PERCENT: 90 
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Fig An-20. HF propagation prediction nessage— cofitlfiued. 
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|irrFHH[WlH_ G THE HElIABlE DlSTAWlg FOR HF GROIJNU WftVE COMHUWICATIOWS 



The 3rd Marines are scheduled to participate In a exercise In Korea, and the requirement 
exists tv establish HF command circuits during the exercise* Since the distances of the HF 
circuits are expected to be 80 km or less, it <r> possible that many of tne circuit 
requirements could be satisfied using HF groun^^ ^ave propagation. 

Approach 

The regimental coimnunications officer identifies the 3rd Marine HF circuit requirements* 
Transmitter and receiver locations for each circuit are identified along with the transmitter 
power, emission, and antenna to be used* ECAC 1s requested to provide HF ground v^ave 
predictions for each path* 

Required Information 

(1) Transmitter site name and coordinates, in UTK (geographic optional)*^ 

(?) Transmitter nomenclature* 

(3) Transmitter power* 

(4) Emission* 

(b) Transmitter and receiver antenna heights* 
(f>) Month and year of use* 

O utput 

HF ground wave propagation prediction charts are produced for each path and power, 
emission, and antenna combination, predicting the communlcabil Ity of the path (figure A 
11-?!)* Figure AlI-21 provides a prediction of the HF ground wave communlcabillty from Hill 
97 for th>^ee combinations of equipment, emission, and antenna* Using this prediction, an 
assessmr^nt is made whether HF ground wave propagation can be used for this circuit* 



If DIM, either qrid zone and square (i* e*, ll^»Mlj6 lb84b) * or grid rone and full UTM 
coordinates (i, e** 463500E 3684500N) must be provided. 
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164 



HILL ^7 




0.0 26. a 52.0 78.0 t04.0 t3Q.O 

OlSTRNCe IN KILQHETERS 

CIRCUIT PARAflETERS 

K PRC-47 EtIISSION 3K00J3E 75U 20FT UHIP 

2* MRC-83 EHISSION 3K0OJ3E 750M 15FT WHIP 

3. TSC*15 EMISSIOIi 3K00J3E 750W 32FT WHIP 

MOTE: COMBINATIOHS OF FREQUENCY AND DISTWICE TO THE LEFT OF A PARTICULAR LINE 
SHOULD RESULT IN RELIABLE GROUND HAVE COMMUNICATIONS: TNOSE COHBINATIONS 
TO THE RIGHT SHOULD BE UNRELIABLE. 

Fig AII-2K Hill 97 ground wave prediction, 

ES TItlATIHG THE COtltlUHICABILITY OF VHF Rl COIWIICATIOHS PATHS FOR CONTINGENCY PLANNING 

Situation 

The CCEO of the ]st Marine Division Is concerned about the communlcabll Ity of VHF FM 
circuits for various contingency plans that the division may Ue required to support. A rapfd 
assessrient of the corKJunlcablllty of each f>atn and determination of which paths w1]T require 
furtiter analysis Is required. 

Approach 

VHF FM transmitter and receiver locations for each path are Identified* The eouipment and 
antennas to be used on each path are Identified. ECAC is requested to provide a 4/3 earth 
terrain profile for each path* Indicating the radio LOS along the path. A rapid assessment as 
to the cotnmunlcability of the path can be made by identifying whether radio LOS Is possible 
from the transmitter to the receiver. Those paths that do not hav<> radio LOS will be 
Id'^ntlfled for further analysis. 

Required Information 

(!) Transmitter and receiver site i^jte. 

(2) Trcnsmltter and receiver coordinates* In UTM (geographic optional)** 

(3) Transmitter and receiver site elevaM^vs ^bove mean sea level. 

(4) Transmitter, and receiver antenna height. 

Outpu^ 

Four-tlMrds earth terrain profiles are produced for each path similar to the exainple in 
firjxire AtI-9. The profiles will Indicate whether there is an LOS along the pat;^ and will also 
provide a visual presentation of the profile. From the terrain profiles an estlirite of the 
coni;unicab111ty of each path is made« and those paths requiring further analysis are 
fdentiffeJ. 



^ If DTM, either grid zone and square (1* e,, ]]SM(j635845)» or grid rone and full UTM 
coordinates; (1* e.» 463500E 3684500N) must be provided* 
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^^Rf()lf:Tl NG THE RaiABlllTV OF PRQPQStP MULTICHANNEL CIKCUITS 



StliirtHon 

The 1st MAW 1$ planning an exercise In Korea and has Identified the requirement for 
several AN/TRC-97 microwave circuits. Lift requirements for the exercise are being computed, 
and a determtnatlon needs to be made as to whether the AN/TRC-97 assets allocated for the 
exercise will be sufficient. An estimate of the circuit reliability needs to be obtained In 
order to determine If additional AN/TRC-97 equipment will be required. 

Approach 

The proposed transmitter and receiver site locations for each circuit are determined. 
Since equipment planned for the lift needs to be Identified within a matter of days, an 
AUTQUIN message is sent to ECAC requesting a reliability prediction for each circuit. ECAC Is 
requested to provide, by return message, an estimate of the reliability of each circuit. 

Required Information 

(1) Transmitter and receiver site coordinates In UTM (geographic optional).^ 

{?) Transmitter and receiver site elevations above mean sea level. 

(3) Equipment nomenclature. 

(1) Transmitter and receiver antenna height. 

O utput 

Each path Is analyzed, and an AUlODiN message Is sent back to the 1st MAU with an estimate 
of the reliability of each path (figure Additionally, planning parameters for each 

path are provided to Include a recommended power and a recommendation for diversity or 
non-diversity operation. The path from H111-76 to H111-307 has a predicted reliability of 
less than so percent. From this Information the CEO directs that a relay site be planned for 
this link, thus requiring an adjustment in the )1ft requirements. 

tjEVELOPlNG AN 1NTERFERENCE>FREE MULTICHANNEL FREQUENCY ASSIGNMENT PIAN FROM A RESOURCE LIST 
Situation 

The division has a training exercise planned for the near future. A list of training 
frequencies that may be used during the exercise has been obtained from the area frequency 
coordinator. The frequency ass1qnmc;iits may cause Interference to VHF FM multichannel 
assignments. 

Approach 

The frequency resource list for VHF FM frequency assignments for the exemlse Is 
Identified along with the VHF FM circuit requirements. Based on this Information ECAC Is 
requested to develop an Interference-^f ree frequency plan for each site, so that the 
muUtch^iinel assignments could be used simultaneously with single-channel assignments without 
suffering or causing Interference. The frequency resource list will be checked for harmonic 
as well as two-slqnal and three-signal Intermodulation products, and an Interference-free list 
win be developed. 

Required Information 

(1) Frequency resource list (Including planned emission). 

(?) Radio yuard chart. 

O utput 

The result of the ECAC analysis is an interference-free frequency resource list similar to 
the frequency list In tat>le AII*1. ECAC can also be requested to make multichannel frequency 
^sslqnments. Figure An-?3 Is <^n example of a frequency assignment plan developed for a 1st 
Marine tlivKlon VHF multichannel system. 
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H ?t)mt)/ [)CC 80 

fM tCAC ANNAPOLIS I1D//CH// 

TO RUCBANA/ CG FIRST HAH 

8T 

UNCLAS 

ICkC MICROWAVE RELIABILITY PREDICTIONS 
tIETHOD E 

THE PREDICTIONS PROVIDE THE NEC£SSARY INFORMATION FOR SETTING Up MICROWAVE 
COMMUNICATIONS CIRCUITS AND ARE PRESENTED IN A FORK SUITABLE FOR INCLUSION IN 
COmurilCATIONS plans, included for each circuit are the path DISTANCE^ GREAT CIRCLE 
AZIMUTHS, HORIZON ANGLES, RECEIVED SIGNAL LEVEL FOR 95% OF THE TIME, THE CALCULATED 
RELIAOILITY PERCENTAGE AND THE PROPAOATIO;! MODE. 

THE RELIABILITY IS THf PERCENT OF TIME THE RECEIVED SIGNAL MEETS OR EXCEEDS THE 
REQUIRED SIGttAL-TO-NOISE RATIO OURIIIG 9W OF THE TIHE. ALTHOUGH RELIABILITIES LESS 
THAI] 99% CAN OFTEtt BE TOLERATED FOR STRAIGHT VOICE TRANSMISSIONS, A MINIMUM OF 99.99% 
IS USUALLY CONSIDERED NECESSARY FOR MULTIPLEXED TRANSMISSIONS. 

FOUR PROPAGATION MODE (PM) ADREVIATIONS ARE USED IN THIS METHOD: 
L -LINE OF SIGHT 
D -DIFFRACTION 
C -DIFFRACTIOri-SCATTER 

(COMBINATION OF DIFFRACTION AfJD TRO^OSCATTER) 
T -TROPOSCATTER 
E -EFFECTIVE DOUBLE KNIFE EDGE 
DIVERSITY CODES (DIV) ARE: S-SIMGLE Q-QUAD 0-DUAL 
RECOMMENDATIONS FOR CHAttGES TO THESE PREDICTIONS OR QUESTIONS 
CONCERNING THEIR INTERPRETATION SHOULD BE DIRECTED TO EC\C'S OPERATIONAL 
SUPPORT GROUP (SAGO), AUTOVON: 281-2452. THOSE RELATING TO PROJECT COORDINATION OR 
POLICY MATTERS SHOULD 8E DIRECTED TO THE DEPUTY DIRECTOR FOR MARINE CORPS (CM), 
AUTOVOII: 281-2555. 
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ECAC MICROIJAVE RELIABILITY PREDICTIONS 
METHOD E 
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Fiy AII-22. Multichannel reliability prediction message. 
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1st MARDIVMRC-135 ASSIGNMENT 




oBTAmmri f.cac support 



k*'i(m*st', for Mj|Mnirt should be directed to: 

Maiine Corps Oeputy Ofrector (CM) 
ECAC, North Severn 
Annapolis. Maryland 

AUTOVON; 

Commercial: (30l) ?67-?'5*i!) 



Mess<icjes ^h«uld be sent via AOTUOIN to "tf.AC ANNAPOLIS HD/ /CM/ //* To expedltf* tCAC 
support, requests for support from the field can he m^de by telephone to either the Marine 
Corps Oeputy Director or the Operational Support Team (AUTOVON 281-24S2), If unclassified. 
The date by which the material Is needed should also be Included. 

ANALYSIS KLSULTS 

Resists of analyses may be transmitted in various ways. The method that provides the 
fastest esponse Is to send results via teletype (AUTOOIN). The following types of analyses 
c^in ho transmitted via AUTODIN: 

(I) 4/3 Earth Terrain Profile. 

(?) W? Sky wave Propagation Charts. 

(3) HF Crnund wave Propaqatlon Charts. 

(4) Microwave kellablllty Predictions. 

(5) Frequency Analysis. 

Unclasslfiro results may also be transmitted via telecopier. If it Is required that the 
results be sent via telecopier, the name of the point of contact and the commercial and 
AUTOVUN number should be provided. If analysis results must be mailed, the requesting command 
should allow 5^7 days for df'llvery. Analysis results will always be sent via AUTODIN wherever 
possible. 

FUNDING 

Operational support provided to requesting commands can fall Into two general categories, 
classified by ECAC as nonrecurring and recurring efforts. Nonrecurring efforts that take the 
form of cnrisultative or short-term analyses requiring one man-week or less will be provided at 
no cost to the Marine Corps, subject to the approval of ttD Director, ECAC. Funding will be 
required from the operatitmal command for efforts for which the estimated manpower exceeds one 
week. 

Questions req^rding funding should be addressed to the Marine Corps Deputy Director, 
Electromagnetic Compatibility Analysis Center (ECAC) Capabilities and Services. 
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SniSOfr QC3UHSE aOHTOfT ASSISXMICZ ICQUCSr 

MIC: 

COURSE NUMBE? OXJRg TTHE 



HWE WW HPS 



9XIAL SEommr numea 



1. U«e this form for any quMtiora you My tmm ibout the owtm* Mrlte out your quMtlon tnd 
nf«r to the ttudy unit* work tMut, or tt^ qutttioft with %ihidi you «ra iwrin; problm. 
Corrlety the le If *iilireMad block on the rwrie itd». Btfon MiUng* the fom tnd itApU 
it to thiit mr% addroM u inawing. Mdit4oml itMtta wy te attMtod to thin «id» of the form. 

w guEsriGN isj am m<s«r ts: 



?TU)Dfr: Detach tnd reUin this portion. 

QKIA REQUUttS BY IW PRIVACY MTT OP 1974 

1. MmORJTV; Titl« S» USC, Sec. 301. Um Of your Socitl Security Nuiter ii auttorised by 
£K«cut\ve Order 9397 Of 22 Nou 13. 

2. PRnciML njRfOSC: The SUilent Ooutm Content Assiittnoe Request is used to trenmit infOr-^ 
msuan cnncsmin) student psrticip^tion in rCI oourses. 

3. RDOTDiE USE: itUs information is used by MCI personnel to reseerch student inquiries. In 
scm cetes inforrauon contained therein is used to tfidste oonespandewe oouraes and iniividusl 
student reor^rds Mintainod by the Narine Carps InsUtute. 

4. HMMTORY Oft WLUOTAfty DISOOSURE JWD ETFICT GN SOIVIDUAL NOT MCVIDING DOtmWIQNi 
Disclosure is VDluntsry. Failure to provide informtion My result in the prwision of incaiplete 
service to your inquiry. Failure to ptmidt your Social Security tlwtier will delay the 
prmessxng Of your aasiatanoe requejt. 
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INSTRUCTIONS TO STUDENT 



1. Fold so that MCI address is outsida 
2* Insert course number in square marked "Course Number" 
below 

3. Seal with scotch tape or one staple 

4. Mail to MCI 





UNrTED STATES MARINE CORPS 
yARWE CORPS MSTITUTE 
P. 0. BOX 1778 
ARUNOTON. VA 22223 



i..i.i..i*i..MMia..ii.ii...ii.Mii 



ERIC 
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»TE SENT: 



OJUHSt T17U 



CDMPtm ALL fWriONS OF SICTKW I 



55N 



U9t Nairn* 



i _.i I !- l I l-l M 



ZIP cow: 



ritCPORTlriC UNIT ODOE (fWCj 



THSTPUCTICKSi Print or type name, r^, 
«nd address clearly* Include ZIP CODE. 
Cnly CUss III Iteservists may use civilian 
«Mres&. 



ERJC 
i 



Section 2. QCTK 1>C AmOmiATD fiOX AND FIU, IM THE AmCPHIATD SPACES. 

PC* REn?lAP A» OASS II HCSdWE WOKES THIS POfW WJST BE SIGNED BY THE CClMWDnC OFFICER OB 

HIS ra>Ht:sEiirATXVt, i.«. tmining nco. 



1^ D Dat34Sta4 - Please ^«nt an extension- 

(Will not be ^«nt«d if ilrwdy on ext&isionJ 

2 , □ NOriCX or course OUPirrKW * Fmal lyam Sent 
On (Hew enaih will be sent 



mfe wJi gjuT 



if exari not received at tCl,) 

3- D RCEKROUH^ " Student hts tair^ •sterial* 
tSee para. 4005 of Vci. 1 of MCI Catalog 
for inforaation on reemoUaefttO 

4. □ CVtroUE FINAL DCAH * Ufit fUffView} Lesson 
sent or- ^ Pleas* tend CKar. 



D Please send new ANSUCK SKSIS^ 

G Pleese send mlssu^ oourae materials (Not 
included in course packege. ) 
.jeaaons Manual Other 



□ OMCL ' Dank 

Social SecuritylGCM: [ | | iTl XllTl' I 



8. Q CITHER <ex(^UinJ 



Note. Ttus form wiU not be 

retUTT^ by rtCI. If request 

ifl valid, trans-KTtion will SIGNATURE^TITLE OR ftANK 

ahotf an next UAR or or m^ffT BE CO OH WEPRESENTATr;^^ 

MCI-R: forr.. 



2. 


On SMT 


3. 


C 


4. 


I 


5* 


Q 


6. 


V 


7. 


E 


8. 





ORICnWOT CODE 



STUDDr Detach, and retein this portion. 

DATA REgUlUm BV THE PRIVTO ^ OF 1974 
(5 U.S.C. i22k) 

I, AtmORTTY^ Title %f use, Sec- 301. Use of your Social Security N\«ter is au*^iwi»d by 
Executive Order 939? of 22 t4ov 13. 

2- PicniLlF'AL H;HrQSL: Tht Student Course Ccntent Assistance Recjuest is used to tiunsMt infot- 
mtior. Qonoenurij student participation in tCl oour^^ 

3. m^INr USE: This infomaLion is uaed by MTl personrr 1 to research student inquiries. In 
aa*%^ cAfies inforration Gontair«1 therein is used to vjpdatx' oorrespondence cDurees end individual 
atjdaM records maintained by t^ie Marine Corps institute. 

4. MMCiAriR^ OR VOUJOTARV DlSOiWJW: KO nTBCT OW HOIMDUAL HCTT MC^IDING IN^C»n^T10f^: 
Ui^clfj^Kite IS vDluntar/. failure to prwide information My result in the prav*ision of inco^ lett^ 
aetvioe u your inquiry, failure to prwide ^3ur Social Secu ity Nvrtier ^lU delay the 
processmj of ynur easistAnce r«]ue9t> 1 




N0IQ8T«01 
MiCiSBMV 




UNITED STATES MARINE CORPS 
MARINE CORPS INSTITUTE 
P* 0. BOX 1778 
ARUNQTON, VA 22223 



IlltlllllllMlltllllll 



utTACH BEFORE MAILING 
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